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N-BENZYL SUBSTITUTED PYRIDYL
PORPHYRIN COMPOUNDS AND METHODS
OF USE THEREOFK

This application claims the benefit of U.S. Provisional
Application No. 60/721,388, filed Sep. 28, 2005, the entire
disclosure of which 1s incorporated by reference herein.

1. FIELD OF THE INVENTION

The present invention relates to N-Benzyl-Substituted
Pyridyl Porphyrin Compounds, compositions comprising an
elfective amount of an N-Benzyl-Substituted Pyridyl Porphy-
rin Compound and methods for treating or preventing injury
due to exposure to a reactive species, erectile dysiunction,
urinary incontinence, lung disease, hyperoxia, neurodegen-
erative disease, liver disease, myocardial damage during car-
dioplegia, an inflammatory condition, a reperfusion injury, an
1schemic condition, a cardiovascular disease, diabetes, a dia-
betic complication, cancer, a side efiect of cancer chemo-
therapy, or a radiation-induced injury, and methods for pro-
longing the hali-life of an oxidation-prone compound,
comprising admimstering to a subject 1n need thereof an
elfective amount of an N-Benzyl-Substituted Pyridyl Porphy-
rin Compound.

2. BACKGROUND OF THE INVENTION

Oxidants are normal by-products of cell metabolism. How-
ever, reactive oxygen species such as superoxide (O, ™) and
reactive intermediates formed from O, ~ are known to damage
biological targets. For example, J. Lee et al., J. Am. Chem.
Soc. 120:7493-7501 (1998) discloses that reactive oxygen
and nitrogen species play a role 1n the regulation and mhibi-
tion of mitochondrial respiration and apoptosis.

S. Cuzzocrea et al., Pharm. Rev., 53:135-159 (2001) dis-
closes that biologically relevant free-radicals derived from
oxygen include O, , perhydroxyl radical (“HO, ™), and nitric
oxide (“NO”). One source 01 O, 1s a proinflammatory cytok-
ine, which produces O,  during reperfusion following
ischemia. This reference discloses that reaction of NO with
O~ forms the reactive peroxynitrite 1on (“ONOO™) accord-
ing to the reaction:

NO+O, —=0ONOO™

The reference further discloses that formation of ONOO—
enhances the cytotoxic potential of NO and O,

In animals, a superoxide dismutase (*SOD”") counters the
elfects of these reactive species. SODs are metalloenzymes
that catalyze the conversion of O, to hydrogen peroxide and
oxygen according to the reaction:

20, +2H*—=H,0,+0,

It 1s reported that certain synthetic metallomacrocyles also
catalyze the transformation of reactive species into less reac-
tive products. U.S. Pat. No. 6,204,259 to Riley et al. discloses
that a pentazamacrocycle comprising a Mn(II) or Mn(III)
metal can catalyze the conversion of O, into oxygen and
hydrogen peroxide.

Spasojevic et al., Biology and Chemistry 4(5):526-533
(2000) discloses that tetrakis-5,10,15,20-(2-N-ethylpyri-
dinium)porphyrinato complexes of manganese(Il) and man-
ganese(11]) are catalytic scavengers of oxygen.

I. Lee et al., J Am. Chem. Soc. 120:7493-7501 (1998)
discloses that O,~ and ONOOQO™ are decomposed by the met-
alloporphyrin  5,10,135,20-tetrakis(N-methyl-4-pyridyl)por-
phinatoiron(III).
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2

Leeetal., Bioorg. Med. Chem. Letters 7:2913-2918 (1997)
discloses that 5,10,15,20-tetrakis(N-methyl-4-pyridinium)
porphinatomanganese(1ll) catalyzes the reduction of ONOO™
in the presence of biological antioxidants such as vitamin C,

[

gluthionate, and vitamin E.
U.S. Pat. No. 35,630,137 to Nguyen et al. discloses a cos-
metic composition containing SODs 1 combination with
metalloporphyrins. The composition 1s allegedly usetul to
treat skin and hair disorders caused by free radicals. This
patent discloses the use of naturally occurring metallopor-
phyrins such as chlorophyll, chlorophyllin and hemoglobin to
allegedly reinforce the anti-free-radical action of the SOD.

German Patent Publication No. DE 19647640 A1 discloses
a metalloporphyrin dimer 1n which two metalloporphyrin
compounds are covalently joined at the meso position of the
porphyrin rings. The patent publication alleges that the dimer
1s usetul for catalyzing oxygen-transier processes.

International Publication No. WO 99/55388 discloses
meso-substituted metalloporphyrin complexes 1n which the
meso substituents are ester, alkyl, alkyl halide, and amide
groups. This publication further alleges that such compounds
are useful for modulating the cellular levels of oxidants and
the processes 1n which these oxidants participate.

Metalloporphyrins are also reported to inhibit telomerase
activity by binding to quadraplex DNA. For example, Shi et
al., J. Med. Chem. 44:4509-4523 (2002) discloses that cat-
ionic forms ol meso-tetrakis(N-methylpyridinium )metal-
loporphyrins interact with the quadraplex structure of DNA.

U.S. Pat. No. 6,087,493 to Wheelhouse et al. discloses
meso-tetrakis(pyridyl )metalloporphyrins 1n which the nitro-
gen atom of the pyridyl rings are substituted with a hydrogen,
alkyl, alkylhydroxy, alkylamine, alkylacetate or alkylsulfate
group. This patent alleges that such compounds are useful as
telomerase inhibitors.

U.S. Pat. No. 6,204,259 to Riley et al. discloses that pen-
tazamacrocycles comprising a Mn(II) or Mn(III) metal are
allegedly usetul for treating inflammatory disease states and
reperfusion mjury.

U.S. Pat. No. 6,127,356 to Crapo et al. discloses meso-
substituted metalloporphyrins 1n which the meso substituents
are aryl, substituted aryl, cycloalkyl, 4-pyridyl or N-substi-
tuted 4-pyridyl groups. This patent further discloses meso-
tetrakis(pyridinium )metalloporphyrins in which the nitrogen
atom of the pyridyl ring 1s substituted with an alkyl group,
alkylhydroxy, alkylamine, alkylcarboxylate, alkysulfate or
alkylphosphate. The patent alleges that the disclosed metal-
loporphyrins act as mimetics of SODs.

Maisko et al., J. Biol. Chem. 273:15646-15653 (1998) dis-
closes that 5,10,15,20-tetrakis(N-methyl-4-pyridinium )por-
phinatoiron(Ill) catalyzes the conversion of ONOO™ 1nto
nitrate. The authors also disclose that 5,10,135,20-tetrakis(IN-
methyl-4-pyridintum )porphinatoiron(1lI) 1s allegedly usetul
for reducing cellular damage at sites of intlammation.

International Publication No. WO 00/75144 A2 discloses
5,10,15,20-tetrakis(N-alkylpyridinum )metalloporphyrins 1n
which 1ts pyridyl moieties are joined to the meso carbon
atoms of the porphyrin ring at the 2(*ortho™), 3(*meta™) or
4(*“para”) position of the pyridyl ring relative to the nitrogen
atom. The publication alleges that the meso-tetrakis(N-alky-
lpyridintum )metalloporphyrins are useful for treating inflam-
mation diseases including arthritis, inflammatory bowel dis-
case and acute respiratory disease syndrome, and for the
treatment of 1schemia-reperfusion injury.

U.S. Pat. No. 5,994,339 to Crapo et al. discloses Mn—,
Fe— and Cu-based 35,10,15,20-tetrakis(N-alkyl-4-pyri-
dinium)metalloporphyrins in which the nitrogen atom of the
pyridyl ring 1s substituted with an alkyl, alkylhydroxy, alky-
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lamine, alkylcarboxylate, alkylsulfate or alkyphosphate
group. This patent also alleges that 5,10,15,20-tetrakis(IN-
alkyl-4-pyridintum )metalloporphyrins are useful as mimet-
ics of SODs and for the treatment of an inflammatory condi-
tion.

U.S. Pat. No. 6,245,758 B1 to Stern et al. discloses the use
of 5,10,15,20-tetrakis(pyridyl)metalloporphyrins, and their
corresponding N-alkylpyridinium salts, to allegedly treat dis-
orders including inflammation disease and 1schemic repertu-
sion. Metals allegedly useful in the metalloporphyrins

include Mn, Fe, N1 and V.

U.S. Patent Application Publication 2002/004240°7 to Fr1-
dovich et al. discloses that 5,10,13,20-tetrakis(IN-alkylpyri-
dinium)metalloporphyrins are allegedly usetul for modulat-
ing the mtracellular or extracellular levels of oxidants such as
O,~. Metals that are allegedly usetul in the metalloporphyrins
include Fe, Mn, Co, N1and Zn. The publication also discloses
methods for using these 5,10,15,20-tetrakis(N-alkylpyri-
dinium)metalloporphyrins to allegedly treat disorders such as
inflammatory diseases of the skin and lungs, 1schemia reper-
fusion ijury; eyve disorders such as glaucoma, macular
degeneration and cataracts; and diseases of the central ner-
vOus system.

There remains, however, a clear need for new compounds,
compositions and methods for that are useful for treating or
preventing injury due to exposure to a reactive species, erec-
tile dysfunction, urinary incontinence, lung disease, hyper-
ox1a, neurodegenerative disease, liver disease, myocardial
damage during cardioplegia, an inflammatory condition, a
reperfusion 1njury, an i1schemic condition, a cardiovascular
disease, diabetes, a diabetic complication, cancer, a side-
elfect of cancer chemotherapy, or a radiation-induced njury,
or for prolonging the half-life of an oxidation-prone com-
pound.

Citation of any reference 1n Section 2 of this application 1s
not an admission that the reference 1s prior art to this appli-
cation.

3. SUMMARY OF THE INVENTION

The present mvention relates to compounds having the
Formula (A):

Formula (A)
X
—R
S
4 g
R N\ - / H2C--...N+/ \1
/N4 ~
O
— n(counterion)
s vaY
= / 2N i

e

4+
3 2

7
R_

AN
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wherein:
M 1s Fe or Mn;

fisOor 1;

cach R 1s independently —C(O)(amino acid residue) or
—SO, (amino acid residue); and

n 1s the number of counterions suificient to balance the
charges of the compound of Formula (A).

A compound of Formula (A) (an “N-Benzyl-Substituted
Pyridyl Porphyrin Compound”) 1s useful for treating or pre-
venting mjury due to exposure to a reactive species, erectile
dysfunction, urinary incontinence, lung disease, hyperoxia,
neurodegenerative disease, liver disease, myocardial damage
during cardioplegia, an inflammatory condition, a repertfu-
s10n 1njury, an ischemic condition, a cardiovascular disease,
diabetes, a diabetic complication, cancer, a side effect of
cancer chemotherapy, or a radiation-induced imjury (each
being a “Condition™), or for prolonging the half-life of an
oxidation-prone compound, 1n a subject.

The mvention also relates to compositions comprising an
cifective amount of an N-Benzyl-Substituted Pyridyl Porphy-
rin Compound, and a physiologically acceptable carrier or
vehicle. The compositions are useful for treating or prevent-
ing a Condition or for prolonging the half-life of an oxidation-
prone compound 1n a subject.

The 1nvention further relates to methods for treating or
preventing a Condition, comprising administering to a sub-
ject 1n need thereof an effective amount of an N-Benzyl-
Substituted Pyridyl Porphyrin Compound.

The mvention further relates to methods for prolonging the
half-life of an oxidation-prone compound, comprising
administering to a subject in need thereol an effective amount
of an N-Benzyl-Substituted Pyridyl Porphyrin Compound.

The present mvention may be understood more fully by
reference to the following detailed description, figures, and
illustrative examples, which are intended to exemplily non-
limiting embodiments of the invention.

4. BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows the effect of Compounds 163,165, 162, 161,
166, 1677, and 134, respectively, on cell viability of murine
RAW cells exposed to 2 mM H,O, (“H202”).

FIG. 2 shows the effect of Compounds 105, 103, 122
isomer 1, 122 1somer 2, 122 1somer 3, 101, and 102, respec-
tively, on cell viability of murine RAW cells exposed to 2 mM
H202.

FIG. 3 shows the effect of Compounds 108,112, 113, 133,
132, 131, 107, and 165, respectively, on cell viability of
murine RAW cells exposed to 2 mM H20?2.

FIG. 4 shows the effect of Compounds 163,165, 162, 161,
166, 167, and 134, respectively, on cell viability of murine

RAW cells exposed to 4 mM H202.

FIG. § shows the effect of Compounds 105, 103, 122
1somer 1, 122 1somer 2, 122 1somer 3, 101, and 102, respec-
tively, on cell viability of murine RAW cells exposed to 4 mM

H202.

FIG. 6 shows the effect of Compounds 108,112, 113, 133,
132, 131, 107, and 165, respectively, on cell viability of
murine RAW cells exposed to 4 mM H20?2.

FIG. 7 shows the effect of Compounds 163, 165,162, 161,
166, 167, and 134, respectively, on cell viability of murine
RAW cells exposed to 400 uM ONOO™.

FIG. 8 shows the effect of Compounds 105, 103, 122

1somer 1, 122 1somer 2, 122 1somer 3, 101, and 102, respec-
tively, on cell viability of murine RAW cells exposed to 400
uM ONOO™.
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FIG. 9 shows the effect of Compounds 108, 112, 113, 133,
132, 131, 107, and 163, respectively, on cell viability of
murine RAW cells exposed to 400 uM ONOO™.

FI1G. 10 shows the effect of Compounds 163,165,162, 161,
166, 167, and 134, respectively, on cell viability of murine
RAW cells exposed to 800 uM ONOO™.

FIG. 11 shows the effect of Compounds 105, 103, 122
1somer 1, 122 1somer 2, 122 1somer 3, 101, and 102, respec-
tively, on cell viability of murine RAW cells exposed to 800
uM ONOO™.

FI1G. 12 shows the effect of Compounds 108,112,113, 133,
132, 131, 107, and 165, respectively, on cell viability of
murine RAW cells exposed to 800 uM ONOQO™.

L1

>. DETAILED DESCRIPTION OF TH.
INVENTION

5.1 N-benzyl-substituted Pyridyl Porphyrin
Compounds of Formula (A)

As stated above, the present invention encompasses
N-Benzyl-Substituted Pyridyl Porphyrin Compounds having,
the formula:

Formula (A)
AN
—R
S
4 g
R \. | HC~ N7 \1
| N
/" \ & | =
—— n({counterion)
CH
_ ! @‘/
—— \ R
\3 N~cH, !
=
R_
N

wherein M, {, R, and n are defined above.

In one embodiment, f1s 1, each counterion 1s monovalent,
n 1s 5, and each amino acid residue 1s uncharged.

In one embodiment, f1s 1, the counterion 1s monovalent, n

1s 1, and each amino acid residue has a —CO,~ moiety as 1ts
only charged group.

In one embodiment, M 1s Fe.

In another embodiment, M 1s Mn.
In one embodiment, f1s 1.
In another embodiment, 1 1s O.

In one embodiment, each counterion 1s C1™ or Br™.
In one embodiment, each counterion 1s CH,C(O)O™, 2
thylbenzoate, 3-methylbenzoate, or 4-methylbenzoate.
In one embodiment, a counterion forms a bond with M.

In one embodiment, a counterion that forms a bond with M
1s the same as a counterion that does not form a bond with M.

In one embodiment, a counterion that forms a bond with M
1s difterent from a counterion that does not form a bond with

M.
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6

In one embodiment, a counterion that does not form a bond
with M 1s different from another counterion that does not
form a bond with M.

In another embodiment, each counterion i1s independently
F~, CI7, Br~, I, HO™, or CH,C(O)O".

In one embodiment, each R 1s —C(O)(amino acid residue).

In another embodiment, each R 1s —SO,(amino acid resi-

due).

In one embodiment, n 1s 0.
In one embodiment, n1s 1.
In another embodiment, n 1s 5.

In one embodiment M 1s Fe, 1 1s 1, and each counterion 1s
CI™.

In another embodiment, M 1s Fe, f1s 1, each counterion 1s
CI7, and each occurrence of R 1s —C(O)(amino acid residue).

In another embodiment, M 1s Fe, f1s 1, each counterion 1s
C17, and each occurrence of R 1s —SO,(amino acid residue).

In one embodiment, the amino acid of the amino acid
residue 1s [3-alanine, y-aminobutyric acid, 6-aminohexanoic
acid, S-aminovaleric acid, L-aspartic acid, L-glutamine,
L-glutamic acid, glycine, L-phenylalanine, L-tyrosine, or
L-valine.

In one embodiment, each R 1s 1n the ortho position.

In one embodiment, each R 1s 1n the meta position.

In one embodiment, each R 1s 1n the para position.

In one embodiment, the N-Benzyl-Substituted Pyridyl
Porphyrin Compounds of Formula (A) are in 1solated and
purified form.

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
have four pyridyl groups. Due to steric factors, each pyridyl
group’s nitrogen atom can exist: (1) above the plane of the
porphyrin ring (this conformation 1s herein referred to as the
B3-position); or (2) below the plane of the porphyrin ring (this
conformation 1s herein referred to as the a-position).

In certain embodiments, the N-Benzyl-Substituted Pyridyl
Porphyrin Compounds can exist 1in one of the following 1so0-
meric forms, denoted as Isomer Nos. 1-8, as described 1n the
table below, or a mixture thereof, with the pyridyl groups
being numbered 1-4 as shown 1n Formula (A):

Pvridvl Group #

[—
L
N

Isomer No. 2

0 =] Oy h I ) b
2R RTR R ERE
T R RTR R R
RTTR RQRITR R
T RTR R RTR

In the above table, “a” signifies that the pyridyl group’s
nitrogen atom 1s 1n the a-position, and “3” signifies that the
pyridyl group’s nitrogen atom 1s 1n the 3-position.

In one embodiment, the counterion that forms a bond with
M exists above the plane of the porphyrin ring. In another
embodiment, the counterion that forms a bond with M exists
below the plane of the porphyrin ring.

In one embodiment, an N-Benzyl-Substituted Pyridyl Por-
phyrin Compound is substantially free of 1ts corresponding
other 1somers.

In another embodiment, an N-Benzyl-Substituted Pyridyl
Porphyrin Compound exists as a mixture of two or more
1SOmers.
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5.1.1 N-benzyl-substituted Pyridyl Porphyrin
Compounds of Formula (I)

In one embodiment, the N-Benzyl-Substituted Pyndyl

Porphyrin Compounds have the Formula (I)
Formula (I)

R

n{counterion)

| N, |
LA A
S __ / If\
\ oN~cn
3 2 ##2
R

wherein M, 1, R, and n are defined above for the N-Benzyl-
Substituted Pyridyl Porphyrin Compounds.

In one embodiment, f1s 1, each counterion 1s monovalent,
n 1s 5, and each amino acid residue 1s uncharged.

In one embodiment, f1s 1, the counterion 1s monovalent, n
1s 1, and each amino acid residue has a —CO,~ moiety as 1ts
only charged group.

In one embodiment, M 1s Fe.
In another embodiment, M 1s Mn.
In one embodiment, f1s 1.

e

(amino acid residue)

A
L

T’ T
\ /+N‘“‘"~CH2 .

)\‘

X

O

(amino acid residue)
X
F
N N
JEN
— ‘ \ Y
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In another embodiment, 1 1s O.
In one embodiment, each counterion 1s C1™ or Br™.
In one embodiment, each counterion 1s CH,C(O)O™ or
4-methylbenzoate.
In one embodiment, a counterion forms a bond with M.
In one embodiment, a counterion that forms a bond with M
1s the same as a counterion that does not form a bond with M.

In one embodiment, a counterion that forms a bond with M
1s different from a counterion that does not form a bond with
M.

In one embodiment, a counterion that does not form a bond
with M 1s different from another counterion that does not
form a bond with M.

In another embodiment, each counterion 1s independently
F~, CI7, Br~, I", HO™, or CH,C(O)O".

In one embodiment, each R 1s —C{(O)(amino acid residue).

In another embodiment, each R 1s —SO,(amino acid resi-
due).

In one embodiment, n 1s 0.
In one embodiment, n1s 1.
In another embodiment, n 1s 5.

In one embodiment M 1s Fe, 1 1s 1, and each counterion 1s
CI™.

In another embodiment, M is Fe, f1s 1, each counterion 1s
C17, and each occurrence of R 1s —C(O)(amino acid residue).

In another embodiment, M 1s Fe, f1s 1, each counterion 1s
C17, and each occurrence of R 1s —SO,(amino acid residue).

In one embodiment, the amino acid of the amino acid
residue 1s [3-alanine, y-aminobutyric acid, 6-aminohexanoic
acid, S-aminovaleric acid, L-aspartic acid, L-glutamine,
L-glutamic acid, glycine, L-phenylalanine, L-tyrosine, or
L-valine.

In one embodiment, the N-Benzyl-Substituted Pyridyl
Porphyrin Compounds of Formula (I) are in isolated and
purified form.

In one embodiment, the compounds of Formula (I) are of
the Formula (IA):

Formula (IA)

h

.
1 =<0

_I_

7

N amino acid residue)
[
—
4X"

O (amino acid residue)
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wheremn X~ and Y™ are each independently a counterion; and Additional illustrative examples of the compounds of For-
M 1s as set forth for Formula (I) above. mula (IA) are as set forth below:

Hlustrative examples of the compounds of Formula (IA)
are as set forth below:

5
Amino Acid of the Amino
Compound No. Acid Residue M Y~ X~
Compound No ﬁ;ﬂﬁiii; tthe Amino M v- Compound 116 y-aminobutyric acid Fe Clm  CI7
' Compound 117 5-aminovaleric acid Fe Ccl-  CI7
Compound 101 v-aminobutyric acid Fe OAc™  Br 10 Compound - :“8 L'HSPMHC ::101.(:1 | Mn C--_ C )
Compound 102  5-aminovaleric acid Fe OAc™  Br Compound ! 19 5'31111119“:5"16“? acid Mn C--_ C ]
Compound 103 L-aspartic acid Mn OAc™  Br Compound :~7—0 L-glutamic ﬂf:ld Mn C--_ C i
Compound 104  5-aminovaleric acid Mn OAc  Br Compound :“21 L-phlenyla_la.nme Fe C--_ C )
Compound 1035 L-glutamic acid Mn OAc  Br Compound :~22 glycmel Fe C--_ C i
Compound 106  L-phenylalanine Fe OAc™  Br Compound :“23 L-tyrosine Fe C--_ C ]
Compound 107 glycine Fe OAc™ Br 15 Compound :h24 L—aspartm acid Fe C--_ C i
Compound 108  L-tyrosine Fe OAc™  Br Compound :*25 glycm? Mn C--_ C )
Compound 109 L-aspartic acid Fe OAc™  Br Compound :~26 ﬁ'ﬁlﬂﬂ}ﬂﬂ Mn C--_ C i
Compound 110 glycine Mn OAc™  Br Compound :~27 f"ﬁlﬂ{lﬂlﬂ Fe C--_ C i
Compound 111 B-alanine Mn OAc™ Br Compound :h28 [-valine | Fe C--_ C i
Compound 112 B-alanine Fe OAc™ Br Compound :h29 L—glultamme | | Mn C--_ C }
Compound 113 I -valine Fe OAc-  Br . Compound 130 6-aminohexanoic acid Fe Cl C
Compound 114 L-glutamine Mn  OAc™  Br
Compound 115 6-aminohexanoic acid Fe OAc™  Br
In one embodiment, the compounds of Formula (I) are of
the Formula (IB):
Formula (IB)
O

\\ - (amino acid residue)

o”';s

‘/g

Y
o

HyC e

.
O\\S //i</ >7\C/1 ﬂ

N
) \ \
(amino acid residue) ‘ ‘
/ \ CH2—<_ N/
<~V
2

(ﬂﬂ]iﬂﬂ ﬂCid reSidU_ﬂ)
/K -_‘_,.pl"’—
/

\

(amino acid residue)
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wheremn X~ and Y™ are each independently a counterion; and
M 1s as set forth for Formula (I) above.

Hlustrative examples of the compounds of Formula (IB)
are as set forth below:

Amino Acid of the Amino
Compound No. Acid Residue M Y~ X~
Compound 131 6-aminohexanoic acid Fe OAc™  Br
Compound 132 -alanine Fe OAc™  Br
Compound 133 glycine Fe OAc™  Br~
Compound 134 y-aminobutyric acid Fe OAc™  Br
Compound 135 5-aminovaleric acid Fe OAc™  Br
Compound 136 L-aspartic acid Mn OAc™  Br
Compound 137 5-aminovaleric acid Mn OAc  Br
Compound 138 L-glutamic acid Mn OAc  Br
Compound 139 L-phenylalanine Fe OAc™  Br™
Compound 140 L-tyrosine Fe OAc™ Br~
Compound 141 L-aspartic acid Fe OAc™  Br
Compound 142 glycine Mn  OAc  Br
Compound 143 -alanine Mn OAc  Br
Compound 144 L-valine Fe OAc™  Br
Compound 145 L-glutamine Mn OAc  Br

Additional illustrative examples of the compounds of For-
mula (IB) are as set forth below:

Amino Acid of the Amino
Compound No. Acid Residue M Y~ X~
Compound 146 6-aminohexanoic acid Fe Clm  CI7
Compound 147 p-alanine Fe clm  CI7
Compound 148 glycine Fe clm  CI”
Compound 149 y-aminobutyric acid Fe Cl-  CI”
Compound 150 5-aminovaleric acid Fe Ccl-  CI”
Compound 151 L-aspartic acid Mn CI° CI7
Compound 152 5-aminovaleric acid Mn CI= CI7
Compound 153 L-glutamic acid Mn CI& CI7
Compound 154 L-phenylalanine Fe Cl-  CI”
Compound 155 L-tyrosine Fe clm ClI
Compound 156 L-aspartic acid Fe cl-  CI”
Compound 157 glycine Mn CI& CI7
Compound 158 p-alanine Mn CI© CI7
Compound 159 L-valine Fe clm  CI”
Compound 160 L-glutamine Mn CIm CI7

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
of Formula (I) have four pyridyl groups. Due to steric factors,
cach pyridyl group’s nitrogen atom can exist: (1) above the
plane of the porphyrin ring (this conformation i1s herein
referred to as the B-position); or (2) below the plane of the
porphyrin ring (this conformation 1s herein referred to as the
C.-position).

In certain embodiments, the N-Benzyl-Substituted Pyridyl
Porphyrin Compounds of Formula (I) can exist in one of the
following isomeric forms, denoted as Isomer Nos. 1-8, as
described 1n the table below, or a mixture thereot, with the
pyridyl groups being numbered 1-4 as shown 1n Formula (I):

Pyridyl Group #

Isomer No. 1 2 3 4
1 a ¢ L 63
2 0] o L P
3 6] o p o)
4 03 P L L
5 [ a a a
6 03 o P P
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-continued

Pvridy]l Group #

Isomer No. 1 2 3 4
7 a P P 03
8 a p a b

In the above table, “a” signifies that the pyridyl group’s
nitrogen atom 1s 1n the a-position, and “p” signifies that the
pyridyl group’s nitrogen atom 1s 1n the p-position.

In one embodiment, the counterion that forms a bond with
M exists above the plane of the porphyrin ring. In another
embodiment, the counterion that forms a bond with M exists
below the plane of the porphyrin ring.

In one embodiment, an N-Benzyl-Substituted Pyridyl Por-
phyrin Compound of Formula (I) 1s substantially free of its
corresponding other 1somers.

In another embodiment, an N-Benzyl-Substituted Pyridyl
Porphyrin Compound of Formula (I) exists as a mixture of
two Or more 1Somers.

5.1.2 N-benzyl-substituted Pyridyl Porphyrin
Compounds of Formula (II)

In one embodiment, the N-Benzyl-Substituted Pyridyl
Porphyrin Compounds have the Formula (1I)

Formula (II)

wherein M, 1, R, and n are defined above for the N-Benzyl-
Substituted Pyridyl Porphyrin Compounds of Formula (A).

In one embodiment, f1s 1, each counterion 1s monovalent,
n 1s 5, and each amino acid residue 1s uncharged.

In one embodiment, 11s 1, the counterion 1s monovalent, n
1s 1, and each amino acid residue has a —CO,™ moiety as 1ts
only charged group.

In one embodiment M 1s Fe.

In another embodiment, M 1s Mn.

In one embodiment, 11s 1.

In another embodiment, 1 1s O.

In one embodiment, each counterion 1s C1™ or Br™.
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In one embodiment, each counterion 1s CH,C(O)O™ or
3-methylbenzoate.
In one embodiment, a counterion forms a bond with M.

In one embodiment, a counterion that forms a bond with M
1s the same as a counterion that does not form a bond with M.

In one embodiment, a counterion that forms a bond with M
1s difterent from a counterion that does not form a bond with

M.

In one embodiment, a counterion that does not form a bond

with M 1s different from another counterion that does not
form a bond with M.

In another embodiment, each counterion 1s independently
F~, CI", Br, I, HO™, or CH,C(O)O".
In one embodiment, each R 1s —C(O)(amino acid residue).
In another embodiment, each R 1s —SO,(amino acid resi-
due).
In one embodiment, n 1s 0.
In one embodiment, n 1s 1.
In another embodiment, n 1s 3.
In one embodiment M 1s Fe, 1 1s 1, and each counterion 1s
CI.
In another embodiment, M 1s Fe, f1s 1, each counterion 1s
C17, and each occurrence of R 1s —C(O)(amino acid residue).
In another embodiment, M 1s Fe, 1 1s 1, each counterion 1s
C17, and each occurrence of R 1s —SO,(amino acid residue).
In one embodiment, the amino acid of the amino acid

residue 1s [3-alanine, y-aminobutyric acid, 6-aminohexanoic
acid, 5-aminovaleric acid, L-aspartic acid, L-glutamine,
L-glutamic acid, glycine, L-phenylalanine, L-tyrosine, or
L-valine.

In one embodiment, the N-Benzyl-Substituted Pyndyl
Porphyrin Compounds of Formula (II) are 1n 1solated and
purified form.

In one embodiment, the compound of Formula (II) 1s of the
Formula (ITA):

(amino acid residue)

(amino
acid
residue)

(amino acid residue)
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wherein X~ and Y™ are each independently a counterion; and
M 1s as set forth for Formula (II) above.

[lustrative examples of the compounds of Formula (I11A)
are as set forth below:

Amino Acid of the Amino
Compound No. Acid Residue M Y~ X~
Compound 161 L-valine Fe OAc™ Br-
Compound 162 L-tyrosine Fe OAcC™ Br-
Compound 163 L-phenylalanine Fe OAc™ Br-
Compound 164 p-alanine Mn  OAc™ Br-
Compound 165 glycine Fe OAc™ Br-
Compound 166 6-aminohexanoic acid Fe OAc™ Br-
Compound 167 y-aminobutyric acid Fe OAc™  Br-
Compound 168 5-aminovaleric acid Fe OAc™ Br-
Compound 169 L-aspartic acid Mn OAc™  Br-
Compound 170 5-aminovaleric acid Mn  OAc™ Br-
Compound 171 L-glutamic acid Mn OAc¢™  Br-
Compound 172 L-aspartic acid Fe OAc™ Br-
Compound 173 glycine Mn OAc™  Br-
Compound 174 p-alanine Fe OAc™ Br-
Compound 175 L-glutamine Mn OAc™  Br-

Additional i1llustrative examples of the compounds of For-
mula (IIA) are as set forth below:

Amino Acid of the Amino
Compound No. Acid Residue M Y™ X~
Compound 176 L-valine Fe clm  CI7
Compound 177 L-tyrosine Fe CclI- CI”
Compound 178 L-phenylalanine Fe Ccl-  CI”
Compound 179 p-alanine Mn CI& CI7
Compound 180 glycine Fe Cclm  CI7
Compound 181 6-aminohexanoic acid Fe Ccl-  CI7
Compound 182 y-aminobutyric acid Fe Cl- CI”
Compound 183 5-aminovaleric acid Fe cl- CI7
Formula (IIA)
O

(amino acid
residue)
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-continued
Amino Acid of the Amino
Compound No. Acid Residue M Y~ X~
Compound 184 L-aspartic acid Mn CI° CI7
Compound 185 5-aminovaleric acid Mn CI© CI7
Compound 186 L-glutamic acid Mn CI& CI7
Compound 187 L-aspartic acid Fe Ccl-  CI”
Compound 188 glycine Mn CI° CI7
Compound 189 p-alanine Fe Cl-  CI”
Compound 190 L-glutamine Mn CI& CI7

In one embodiment, the compound of Formula (II) 1s of the
Formula (I1IB):

O
[
(amino acid residue) ‘ X
F
o
HC 7 \
\ [ ]\ \_
N
{ ) Ly
— N N ‘
OO%S/ / N \ CH,
(a}linc:- —= X == 1\{
?gé(ijdue) \ /jLN*"“CHz — / N
e
=
‘ O 4X"
A !;&O

(amino acid residue)

wherein X~ and Y™ are each independently a counterion; and

M 1s as set forth for Formula (1) above.

Hlustrative examples of the compounds of Formula (I1IB)

are as set forth below:

Compound No.

Compound
Compound
Compound
Compound
Compound
Compound
Compound
Compound
Compound

Compound
Compound
Compounc

Compound
Compound

191
192
193
194
195
196
197
198
199
| 200
| 201
| 202
203

204

Compound

205

Amino Acid of the Amino

Acid Residue M
y-aminobutyric acid Fe
5-aminovaleric acid Fe
L-aspartic acid Mn
5-aminovaleric acid Mn
L-glutamic acid Mn
L-phenylalanine Fe
glycine Fe
L-tyrosine Fe
L-aspartic acid Fe
glycine Mn
p-alanine Mn
-alanine Fe
L-valine Fe
L-glutamine Mn
6-aminohexanoic acid Fe

OAc
OAc™
OAc™
OAc™
OAc
OAc™
OAc
OAc
OAc™
OAc™
OAc
OAc
OAc™
OAc™

OAc™

Br~
Br~
Br~
Br~
Br~
Br~
Br~
Br™
Br~
Br™
Br
Br~
Br™
Br~
Br~
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Additional illustrative examples of the compounds of For-
mula (IIB) are as set forth below:

Amino Acid of the Amino
Compound No. Acid Residue M Y~ X~
Compound 206 y-aminobutyric acid Fe Cl- CI”
Compound 207 5-aminovaleric acid Fe Cl- CI7
Compound 208 L-aspartic acid Mn CI© CI7
Compound 209 5-aminovaleric acid Mn CI& CI7
Compound 210 L-glutamic acid Mn CI= CI7
Compound 211 L-phenylalanine Fe clm  CI7
Compound 212 glycine Fe Ccl-  CI”
Formula (IIB)
O 0O
\/
S — (amino acid
residue)
-continued
Amino Acid of the Amino
Compound No. Acid Residue M Y~ X~
Compound 213 L-tyrosine Fe Ccl-  CI”
Compound 214 L-aspartic acid Fe Ccl-  CI”
Compound 215 glycine Mn CI= CI7
Compound 216 p-alanine Mn CI© CI7
Compound 217 p-alanine Fe clm  CI7
Compound 218 L-valine Fe Cl- CI”
Compound 219 L-glutamine Mn CI& CI7
Compound 230 6-aminohexanoic acid Fe cl-  CI7

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
of Formula (II) have four pyridyl groups. Due to steric factors,
cach pyridyl group’s nitrogen atom can exist: (1) above the
plane of the porphyrin ring (this conformation i1s herein
referred to as the [3-position); or (2) below the plane of the

porphyrin ring (this conformation 1s herein referred to as the
a.-position).

In certain embodiments, the N-Benzyl-Substituted Pyridyl
Porphyrin Compounds of Formula (II) can exist in one of the
following isomeric forms, denoted as Isomer Nos. 1-8, as
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described 1n the table below, or a mixture thereot, with the
pyridyl groups being numbered 1-4 as shown 1n Formula (II):

Pvridyl Group #

-

2 3

I

Isomer No.

0 1 O Lh B LD B
QR R TR AR
TR R TR R R
RTTR RTR K
R TR R RTR

In the above table, “a” signifies that the pyridyl group’s
nitrogen atom 1s in the a-position, and “p” signifies that the
pyridyl group’s nitrogen atom 1s 1n the p-position.

In one embodiment, the counterion that forms a bond with
M exists above the plane of the porphyrin ring. In another
embodiment, the counterion that forms a bond with M exists
below the plane of the porphyrin ring.

In one embodiment, an N-Benzyl-Substituted Pyridyl Por-
phyrin Compound of Formula (II) 1s substantially free of its
corresponding other 1somers.

In another embodiment, an N-Benzyl-Substituted Pyridyl
Porphyrin Compound of Formula (II) exists as a mixture of
two Or more 1Somers.

5.1.3 N-benzyl-substituted Pyridyl Porphyrin
Compounds of Formula (II1)

In one embodiment, the N-Benzyl-Substituted Pyndyl
Porphyrin Compounds have the Formula (I111)

Formula (11I)

)\/R —

‘ n{counterion)

wherein M, 1, R, and n are defined above for the N-Benzyl-
Substituted Pyridyl Porphyrin Compounds of Formula (A).
In one embodiment, 1 1s 1, each counterion 1s monovalent,
n 1s 5, and each amino acid residue 1s uncharged.
In one embodiment, f1s 1, the counterion 1s monovalent, n
1s 1, and each amino acid residue has a —CO,~ moiety as 1ts
only charged group.
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In one embodiment M 1s Fe.
In another embodiment, M 1s Mn.
In one embodiment, 11s 1.
In another embodiment, 11s O.
In one embodiment, each counterion 1s C1” or Br".
In one embodiment, each counterion 1s CH,C(O)O™ or
2-methylbenzoate.
In one embodiment, a counterion forms a bond with M.

In one embodiment, a counterion that forms a bond with M
1s the same as a counterion that does not form a bond with M.

In one embodiment, a counterion that forms a bond with M
1s a difterent from a counterion that does not form a bond with

M.

In one embodiment, a counterion that does not form a bond
with M 1s different from another counterion that does not

form a bond with M.
In another embodiment, each counterion 1s independently
F~, Cl, Br~, I, HO™, or CH,C(O)O".
In one embodiment, ecach R 1s —C(O)(amino acid residue).
In another embodiment, each R 1s —SO,(amino acid resi-
due).
In one embodiment, n 1s 0.
In one embodiment, n1s 1.
In another embodiment, n 1s 5.
In one embodiment M 1s Fe, 1 1s 1, and each counterion 1s
CI™.
In another embodiment, M 1s Fe, f1s 1, each counterion 1s
C17, and each occurrence of R 1s —C{O)(amino acid residue).

In another embodiment, M i1s Fe, f1s 1, each counterion 1s
C17, and each occurrence of R 1s —SO,(amino acid residue).

In one embodiment, the amino acid of the amino acid
residue 1s [3-alanine, y-aminobutyric acid, 6-aminohexanoic
acid, S-aminovaleric acid, L-aspartic acid, L-glutamine,
L-glutamic acid, glycine, L-phenylalanine, L-tyrosine, or
L-valine.

In one embodiment, the N-Benzyl Substituted Pyridyl Por-
phyrin Compounds of Formula (III) are 1n 1solated and puri-

fied form.

In one embodiment, the compound of Formula (III) 1s of
the Formula (IIIA):

Formula (1I1IA)

(amino ‘

acid

residue) \I-( P

el
0 HCy / \
_|_

(amino
acid
residue)

Z (amino _
‘ a.ciq:ld ) 4X
residue
AN
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wheremn X~ and Y™ are each independently a counterion; and In one embodiment, the compound of Formula (III) 1s of
M is as set forth for Formula (IIT) above. the Formula (11IB):

Formula (11IB)

5

[lustrative examples of the compounds of Formula (II1A) | S
(amino
are as set forth below: acid ‘
residue) ~ P
10
Amino Acid of the Amino
Compound No. Acid Residue M Y~ X~
Compound 231 y-aminobutyric acid Fe OAc™  Br~ 5
Compound 232 5-aminovaleric acid Fe OAc™  Br~
Compound 233 L-aspartic acid Mn OAc  Br
Compound 234 5-aminovaleric acid Mn OAc  Br
Compound 235 L-glutamic acid Mn OAc  Br -0
Compound 236 L-phenylalanine Fe OAc™  Br
Compound 237 glycine Fe OAc™  Br
Compound 238 L-tyrosine Fe OAc™  Br ‘ residue)
Compound 239 L-aspartic acid Fe OAc™  Br~ X
25
Compound 240 lycine Mn OAc  Br : : :
P = | wherein X~ and Y~ are each independently a counterion;
Compound 241 p-alanine Mn OAc™  Br and M i1s as set forth for Formula (III) above.
Compound 242 P-alanine Fe  OAc™  Br [1lustrative examples of the compounds of Formula (II1IB)
Compound 243 L-valine Fe OAc™  Br are as set forth below:
Compound 244 L-glutamine Mn OAc  Br 30
Compound 245 6-aminohexanoic acid Fe OAc Br Armino Acid of the Armine
Compound No. Acid Residue M Y~ X~
Compound 261 y-aminobutyric acid Fe OAc™  Br
35 Compound 262 S-aminovaleric acid Fe OAc™ Br~
Compound 263 L-aspartic acid Mn  OAc™ Br~
Compound 264 5-aminovaleric acid Mn  OAc™ Br~
Compound 265 L-glutamic acid Mn  OAc™ Br~
Additional illustrative examples of the compounds of For- Compound 266  L-phenylalanine Fe  OAc™ Br
mula (IIIA) are as set forth below: Compound 267 glycine Fe  OAc Br
40 Compound 26¥ L-tyrosine Fe OAc Br
Compound 269 L-aspartic acid Fe OAc™ Br~
Compound 270 glycine Mn OAc™  Br
Compound 271 p-alanine Mn  OAc™ Br~
Compound 272 p-alanine Fe OAc™  Br
Compound 273 L-valine Fe OAc™ Br~
Amino Acid of the Amino 45 Compound 274 L-glultamme | | Mn  OAc™ Br~
| | Compound 275 6-aminohexanoic acid Fe OAc™  Br
Compound No. Acid Residue M Y~ X~
Compound 246 y-aminobutyric acid Fe  CI- CI- Additional illustrative examples ot the compounds of For-
Compound 247 5-aminovaleric acid Fe clm  CI7 mula (IHB) are as set forth below:
L 50
Compound 248 L-aspartic acid Mn CI& CI
Compound 249 5-aminovaleric acid Mn CI& CI7 Amino Acid of the Amino
Compound 250 L-glutamic acid Mn CI& CI7 Compound No. Acid Residue M Yo X
Compound 251  L-phenylalanine Fre  CIm CI7 Compound 276 y-aminobutyric acid Fe ClI- CI”
Compound 252 glycine Fe cl- CI- 55 Compound 277 5—&1111111&?&161'.10 acid Fe Cl-  CI7
| - - Compound 278 L-aspartic acid Mn CI& CIT
Compound 253  L-tyrosine ke C C Compound 279 5-aminovaleric acid Mn ClI- CI7
Compound 254 L-aspartic acid Fe CI- CI7 Compound 280 L-glutamic acid Mn CI7 CI7
e ~ ~ Compound 281 L-phenylalanine Fe cl- CI7
Compound 255 glycine Mn C C Compound 282 glycine Fe cl- CI
Compound 256 p-alanie Mn CI& CI7 60 Compound 283 L-tyrosine Fe ClI- CI”
. _ _ Compound 284 L-aspartic acid Fe Ccl-  CI”
Compound 257 p-alanine Fe C C Compound 285 glycine Mn  C Cl-
Compound 258 L-valine Fe cr Compound 286 [p-alanine Mn CI& CI7
Compound 259 L-glutamine Mn CI© CI7 Compound 287 ﬁ-alﬂllllllﬁ ke C": C :
Compound 288 L-valine Fe Cl C
Compound 260 6-aminohexanoic acid Fe Ccl-  CI” Compound 289 L-glutamine Mn CI- CI°
63 Compound 290 6-aminohexanoic acid Fe clm  CI7
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The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
of Formula (III) have four pyridyl groups. Due to steric fac-
tors, each pyridyl group’s nitrogen atom can exist: (1) above
the plane of the porphyrin ring (this conformation 1s herein
referred to as the [3-position); or (2) below the plane of the
porphyrin ring (this conformation 1s herein referred to as the
C.-position).

In certain embodiments, the N-Benzyl-Substituted Pyridyl
Porphyrin Compounds of Formula (I) can exist in one of the
following isomeric forms, denoted as Isomer Nos. 1-8, as
described 1n the table below, or a mixture thereot, with the
pyridyl groups being numbered 1-4 as shown in Formula

(111):

Pvridy] Group #

Isomer No. 1 2 3 4
1 QL L L ¢
2 a a a b
3 0] o P L
4 a o a a
5 P o L 03
6 a o p b
7 6] b p o)
8 a o a b

In the above table, “a” signifies that the pyridyl group’s
nitrogen atom 1s in the a-position, and “p” signifies that the
pyridyl group’s nitrogen atom 1s 1n the p-position.

In one embodiment, the counterion that forms a bond with
M exists above the plane of the porphyrin ring. In another
embodiment, the counterion that forms a bond with M exists
below the plane of the porphyrin ring.

In one embodiment, an N-Benzyl-Substituted Pyridyl Por-
phyrin Compound of Formula (III) 1s substantially free of its
corresponding other 1somers.

In another embodiment, an N-Benzyl-Substituted Pyridyl
Porphyrin Compound of Formula (III) exists as a mixture of
two Or more 1Somers.

5.2 Definitions

As used herein, the terms used above and below have the
following meaning;:

The term “amino acid residue,” as used herein, refers to a
radical dertved from a natural or an unnatural amino acid, less
a hydrogen atom of the amino acid’s terminal amino group.
For example, where the amino acid of the amino acid residue
1s glycine, the amino acid residue has the formula
—NHCH,CO,H. Accordingly, 1n the N-Benzyl-Substituted
Pyridyl Porphyrin Compounds, —C(O)(amino acid residue)
1s an amido group and —SO,(amino acid residue) 1s a sul-
fonamide group. Representative examples of amino acids
from which an “amino acid residue” 1s derived include, but
are not limited to, alanine, arginine, asparagine, aspartic acid,
cysteine, glutamic acid, glutamine, glycine, histidine, 1soleu-
cine, leucine, lysine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, valine, N-acetyll-
ysine, [3-alanine, aminoadipic acid, y-aminobutyric acid,
6-aminohexanoic acid, 5-aminovaleric acid, azaserine O-dia-
zoacetylserine, betaine, y-carboxyglutamic acid, L-chloram-
phenicol, citrulline, cycloserine, epinephrine, histamine,
homocysteine, homoserine, 5-hydroxylysine, 4-hydroxypro-
line, L-lanthionine, 3-methylhistidine, N-methylarginine,
N-methylglycine, e-N-methyllysine, norleucine, omithine,
penicillamine, L-phenylserine, phosphoserine, phospho-
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threonine, phosphotyrosine, pyroglutamic acid, serotonin,
and thyroxine. In one embodiment, the acid of the amino acid
1s a C,-C, alkanoic acid. In one embodiment, the amino acid
1s alanine, p-alanine, y-aminobutyric acid, 6-aminohexanoic
acid, 5-aminovaleric acid, arginine, asparagine, aspartic acid,
cysteine, glutamic acid, glutamine, glycine, histidine, 1soleu-
cine, leucine, lysine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, or valine. In one
embodiment, the amino acid i1s a racemic amino acid. In one
embodiment, the amino acid 1s an L.-amino acid. In another
embodiment, the amino acid 1s a D-amino acid. In one
embodiment, the amino acid 1s present 1n its zwitterionic
(neutral) form.

The term “subject,” as used herein, includes, but 1s not
limited to, a cow, monkey, horse, sheep, pi1g, chicken, turkey,
quail, cat, dog, mouse, rat, rabbit, guinea pi1g and human. In
one embodiment, the subject 1s a human.

Where n, the number of counterions sufficient to balance

the charges of the N-Benzyl-Substituted Pyridyl Porphyrin
Compound, 1s greater than 1, each counterion can be the same
or different. Illustrative counterions include, but are not lim-
ited to, sulfate, citrate, acetate, oxalate, flouride, chloride,
bromide, 1odide, nitrate, bisulfate, monophosphate, diphos-
phate, triphosphate, acid phosphate, 1sonicotinate, lactate,
salicylate, acid citrate, tartrate, oleate, tannate, pantothenate,
bitartrate, ascorbate, succinate, maleate, gentisinate, fuma-
rate, gluconate, glucaronate, saccharate, formate, benzoate,
glutamate, methanesulionate, ethanesulifonate, benzene-
sulfonate, p-toluenesulfonate, pamoate (i.e., 1,1'-methylene-
bis-(2-hydroxy-3-naphthoate)), camphorsulifonate, 2-meth-
ylbenzoate, 3-methylbenzoate, and 4-methylbenzoate
counterions. In one embodiment, a counterion 1s monovalent.
Examples of monovalent counterions include acetate, chlo-
ride, bromide, 1odide, nitrate, bisulfate, salicylate, oleate,
bitartrate, formate, benzoate, methanesulfonate, ethane-
sulfonate, benzenesulfonate, p-toluenesulfonate, camphor-
sulfonate, 2-methylbenzoate, 3-methylbenzoate, and 4-meth-
ylbenzoate counterions. In another embodiment, a counterion
1s divalent.
The term “effective amount” when used 1n connection with
an N-Benzyl-Substituted Pyridyl Porphyrin Compound 1s an
amount that 1s effective to treat or prevent a Condition or to
prolong the hali-life of an oxidation-prone compound 1n a
subject alone or in combination with another prophylactic or
therapeutic agent.

The term “1solated and purified” as used herein means
separated from other components of a reaction mixture or
natural source. In certain embodiments, the 1solate contains at
least 30%, at least 35%, at least 40%, at least 45%, at least
50%, at least 55%, at least 60%, at least 65%, at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least
95% or at least 98% of an N-Benzyl-Substituted Pyridyl
Porphyrin Compound by weight of the 1solate. In one
embodiment, the 1solate contains at least 95% of an N-Ben-
zyl-Substituted Pyridyl Porphyrin Compound by weight of
the 1solate.

The term “1s substantially free of its corresponding other
1somers’ as used herein means has no more than about 10%
by weight of 1ts corresponding other 1somers; 1n one embodi-
ment, no more than about 5% by weight, 1n another embodi-
ment, no more than about 2% by weight, 1n another embodi-
ment, no more than about 1% by weight, and 1n another
embodiment, no more than about 0.1% by weight of 1ts cor-
responding other 1somers.

The term “OAc” as used herein means acetate; “OT1”
means triflate; “OMs” means mesylate; and “OTs” means
tosylate.
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In the N-Benzyl-Substituted Pyridyl Porphyrin Com-
pounds 1t 1s to be understood that the number of positively
charged groups and the number of negatively charged groups
can vary due to factors including pH.

Examples of positively charged groups within the scope of 5

the invention include M™ when f is 1, and each N-benzyl-
substituted pyridyl group (1-4). In some embodiments, the
amino acid residue can have a protonated amino group. In
these embodiments, each protonated amino group 1s a posi-
tively charged group.

Similarly, 1n some embodiments, the amino acid residue
can have one or more carboxylate groups. In these embodi-
ments, each carboxylate group 1s a negatively charged group.

It 1s to be understood that while the N-Benzyl-Substituted
Pyridyl Porphyrin Compounds are depicted as having a par-
ticular structure 1n which each of two pyrrole nitrogen atoms
forms a bond to the metal M, one of skill in the art will
recognize that the pyrrole mitrogen atoms can also form a
tetracoordinate species, often depicted as having four equiva-
lent bonds, each between a pyrrole nitrogen atom and the
metal M. The depictions of the N-Benzyl-Substituted Pyridyl
Porphyrin Compounds set forth herein also encompass the
tetracoordinate species.

5.3 Methods for Making the N-benzyl-substituted
Pyridyl Porphyrin Compounds

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
can be made using conventional organic synthesis or methods

or by the following illustrative methods shown in Schemes
1-3 below.

Scheme 1 below illustrates a procedure that 1s usetul for
synthesizing porphyrin intermediate 1, which 1s usetul for
making the N-Benzyl-Substituted Pyridyl Porphyrin Com-
pounds.

Scheme 1
X
propionic acid
1 -
P pyrrole
SN CHO
" /
/ 1o
\N —

Pyridine-2-carboxaldehyde can be reacted with propionic
acid and pyrrole 1n the presence of about 10% xylene or
toluene at a temperature of from about 120° C. to reflux, for
example at a temperature in the range of from about 130° C.
to about 140° C., to provide the pyridyl porphyrin 1.

Scheme 2, below, 1llustrates a method useful for making
the hydroxymetallo-porphyrin intermediates of Formula
(IV), which are useful for making the N-Benzyl-Substituted
Pyridyl Porphyrin Compounds whereimn 11s 1 and M 1s defined
above for the N-Benzyl-Substituted Pyridyl Porphyrin Com-
pounds.
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The porphyrin intermediate 1 can be reacted with a metal-
lating agent in refluxing hydrochloric acid to form a metal-
lated porphyrin complex that can be treated at room tempera-
ture with a hydroxide base, such as sodium hydroxide or
potassium hydroxide, to provide the hydroxy-metallated por-
phyrin intermediates of Formula (IV). Metallating agents that
are useful in the method of Scheme 2 include, but are not
limited to, ferrous chloride, ferric chloride, ferric sulfate,
ferrous acetate, ferrous ammonium sulfate, manganese(I1I)
acetate, manganese(ll) acetate, and manganese(1l) chloride.

Scheme 3, below, shows a method for making the N-Ben-
zyl-Substituted Pyridyl Porphyrin Compounds wherein n 1s 4

or 5; and R, M, and 1 are as defined above for the N-Benzyl-
Substituted Pyridyl Porphyrin Compounds.

NMP

X, OTT, halogen,
OMs, OTs
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-continued

N\ + / / \
N
R\ \/Q\
\H ‘ ARG
Vi /
N
\ N {

N-Benzyl-Substituted Pyridyl Porphyrin Compounds

The pyridyl groups of the hydroxy-metallated porphyrin
intermediates of Compound 3 can be N-benzylated using
excess of, for example, an a-bromo benzyl compound 1n
N-methylpyrrolidinone (NMP) at elevated temperature
(about 50° C.-130° C.). This method provides N-Benzyl-
Substituted Pyridyl Porphyrin Compounds wherein R, M, T,
and n are as defined above for the N-Benzyl-Substituted
Pyridyl Porphyrin Compounds.

An a-bromo benzyl compound of Scheme 3 can be pre-
pared, for example, by reacting the corresponding bromom-
cthylbenzoic acid chloride or bromomethylbenzenesulionic
acid chloride with an amino acid in the presence of 2,6-
lutidine and NMP. Alternatively, an a-bromo benzyl com-
pound of Scheme 3 can be prepared, for example, by reacting,
the corresponding bromomethylbenzoic acid chloride or bro-
momethylbenzenesulionic acid chloride with an amino acid
ester, such as ethyl, methyl, or t-butyl ester, optionally as 1ts
acid salt, 1n the presence of 2,6-lutidine and dichloromethane,
then converting the ester, e.g., via hydrolysis, to provide the
corresponding acid functionality.

Other a-halo benzyl compounds of Scheme 3 can be pre-
pared, for example, from the corresponding c.-bromo benzyl
compounds. The a-OT1, a-OMs, and a.-OTs benzyl com-
pounds of Scheme 3 can be prepared by reacting the corre-
sponding o.-OH benzyl compounds with, for example, trii-
luoromethanesulfonyl chloride, methanesulfonyl chloride,
toluenesulifonyl chlonde, trifluoromethanesulfonic acid

anhydride, methanesulfonic acid anhydride, or toluene-
sulfonic acid anhydnide.

If desired, the N-Benzyl-Substituted Pyridyl Porphyrin
Compounds can be purified using methods well-known to
one skilled 1n the art including, but not limited to, flash col-
umn chromatography, high-performance liquid chro-
matograpy (HPLC), medium-pressure liquid chromatogra-
phy (MPLC), preparative thin-layer chromatograpy, anion-
exchange chromatography, and recrystallization.

5.4 Therapeutic Uses of the N-benzyl-substituted
Pyridyl Porphyrin Compounds

In accordance with the ivention, the N-Benzyl-Substi-
tuted Pyridyl Porphyrin Compounds can be administered to a
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subject 1n need of treatment or prevention of a Condition or
prolongation of the half-life of an oxidation-prone com-
pound.

In one embodiment, the N-Benzyl-Substituted Pyridyl
Porphyrin Compounds treat or prevent a Condition or to
prolong the hali-life of an oxidation-prone compound by
scavenging or neutralizing one or more reactive species that
are generated 1n vivo due to the interaction of 10n1zing radia-
tion with a subject’s tissue. Such reactive species include, but
are not limited to, reactive oxygen species, including super-
oxides and peroxides; and reactive nmitrogen species, includ-
ing ~ONOQ, nitric oxide, and nitroxyl species, such as NO™,
NOH, or ONO.

5.4.1 Treatment of Prevention of Injury Due to
Exposure to a Reactive Species

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
can be used to treat or prevent cell or tissue mjury due to
exposure to a reactive species. In one embodiment, the reac-
tive species 1s an oxidant or a free radical, including, but not
limited to reactive oxygen species, such as superoxides and
peroxides, and reactive nitrogen species, such as “ONOOQO,
nitric oxide, and nitroxyl species, such as NO™, NOH, and
ONO.

Examples of injury due to exposure to a reactive species are
skin wrinkling, skin aging, sunburn erythema, UV-induced
skin injury, and UV-induced skin disease, such as cancer.

5.4.2 Prolonging the Half-life of an Oxidation-prone
Compound

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
can be used to prolong the half-life of an oxidation-prone
compound 1n vivo. In another embodiment, when an oxida-
tion-prone compound, such as hyaluronic acid, which 1s use-
tul for treating osteoarthritis, 1s administered to a subject, an
N-Benzyl-Substituted Pyridyl Porphyrin Compound can also
be administered to treat or prevent oxidative injury caused by
the oxidation-prone compound or to inhibit the degradation
and, accordingly, enhance the efficacy of the oxidation-prone
compound. In one embodiment, N-Benzyl-Substituted
Pyridyl Porphyrin Compounds inhibit the oxidative damage
of hyaluronic acid. In another embodiment, the N-Benzyl-
Substituted Pyridyl Porphyrin Compounds enhance the efli-
cacy of the oxidation-prone compound.

5.4.3 Treatment or Prevention of Erectile
Dysfunction

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
are useful for treating or preventing erectile dysiunction.
Erectile dysfunction includes an inability to achieve or main-
tain a full erection, particularly that which is suflicient to
achieve or maintain sexual intercourse. The inability can be a
total 1nability, an inconsistent ability, or a tendency to main-
tain only a brief erection. Erectile dysfunction that is treatable
or preventable according to the methods described herein
includes i1diopathic erectile dystunction, as well as that which
can result, for example, from trauma, including mechanical
trauma, particularly that resulting from surgery, to the nerves
(such as during prostatectomy); diabetes mellitus; a cardio-
vascular disease, including atherosclerosis; radiation; or cer-
tain drugs. The erectile dysiunction can also be age-related.

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
can be used to treat or prevent erectile dystunction caused by
surgery. In one embodiment, the surgery 1s surgery of the
prostate or the colon.
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In a further embodiment the erectile dysiunction results
from prostate nerve injury.

5.4.4 Treatment or Prevention of Urinary
Incontinence

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
are also useful for treating or preventing urinary inconti-
nence. Urinary incontinence that is treatable or preventable
according to the methods described herein, can result, for
example, from trauma, including mechanical trauma, particu-
larly during childbirth or that resulting from surgery, to the
nerves (such as during prostatectomy or gynecological sur-
gery); diabetes mellitus; a cardiovascular disease, including
atherosclerosis; radiation; or certain drugs. The urinary
incontinence can also be age-related.

In one embodiment the subject 1n need of urinary inconti-
nence treatment or prevention 1s male.

In one embodiment the subject 1n need of urinary inconti-
nence treatment or prevention 1s female.

5.4.5 Treatment or Prevention of Lung Disease

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
can be used to treat or prevent a lung disease. In one embodi-

ment, the lung disease 1s cystic fibrosis, hyperoxic lung
injury, emphysema, or adult respiratory distress syndrome.

5.4.6 Treatment or Prevention of Hyperoxia

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
can be used to treat or prevent injury due to hyperoxia. In one
embodiment, the injury due to hyperoxia 1s hyperoxia-in-
duced eye 1njury or hyperoxia-induced lung injury.

5.4."7 Treatment or Prevention or Neurodegenerative
Disease

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
can be used to treat or prevent a neurodegenerative disease. In
one embodiment, the neurodegenerative disease 1s Parkin-
son’s disease, Alzheimer’s disease, Huntington’s disease, or
amyotrophic lateral sclerosis.

5.4.8 Treatment or Prevention of Liver Disease

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
can be used to treat or prevent a liver disease. In one embodi-
ment, the liver disease 1s hepatitis, liver failure, or drug-
induced liver injury.

5.4.9 Treatment or Prevention of Mycocardial
Damage During Cardioplegia

In one embodiment, the invention provides methods for
inducing or maintaining cardioplegia comprising administer-
ing to a subject in need thereol an effective amount of a
cardioplegia-inducing agent and an N-Benzyl-Substituted
Pyridyl Porphyrin Compound. Cardioplegia-inducing agents
uselul 1n the present invention include, but are not limited to,
potassium chloride, procaine, lidocaine, novocaine, bupiv-
ocaine, nicorandil, pinacidil, halothane, St. Thomas solution,
Fremes solution, 2,3-butanedione monoxime, or esmolol.

In one embodiment, the cardioplegia-inducing agent 1s
lidocaine.

In one embodiment, a cardioplegia-inducing agent and an
N-Benzyl-Substituted Pyridyl Porphyrin Compound are
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present within the same composition. The N-Benzyl-Substi-
tuted Pyridyl Porphyrin Compounds are usetul for preventing
or minimizing myocardial damage from occurring during
cardioplegia.

In still another embodiment, the invention provides meth-
ods for protecting a subject’s heart against myocardial dam-
age during cardioplegia, the method comprising administer-
ing to a subject 1n need thereol an effective amount of: (a) a
cardioplegia-inducing agent; and (b) an N-Benzyl-Substi-
tuted Pyridyl Porphyrin Compound.

In one embodiment, the cardioplegia-inducing agent 1s
administered prior to the administration of the N-Benzyl-
Substituted Pyridyl Porphyrin Compound.

In another embodiment, the N-Benzyl-Substituted Pyridyl
Porphyrin Compound 1s administered prior to the administra-
tion of the cardioplegia-inducing agent.

In a further embodiment, the cardioplegia-inducing agent
and the N-Benzyl-Substituted Pyridyl Porphyrin Compound
are administered concurrently.

In a further embodiment, the cardioplegia-inducing agent
and the N-Benzyl-Substituted Pyridyl Porphyrin Compound
are present within the same composition.

In another embodiment, the cardioplegia-inducing agent
and the N-Benzyl-Substituted Pyridyl Porphyrin Compound
are administered such that the N-Benzyl-Substituted Pyridyl
Porphyrin Compound exerts its prophylactic etffect of protec-
tion against myocardial damage while the cardioplegia-in-
ducing agent exerts 1ts cardioplegic etiect.

In one embodiment, a mvention provides a composition
comprising an N-Benzyl-Substituted Pyridyl Porphyrin
Compound and a cardioplegia-inducing agent.

5.4.10 Treatment or Prevention of an Inflammatory
Condition

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
can be used to treat or prevent an mtlammatory condition.
Inflammatory conditions can arise where there 1s an inflam-
mation of the body tissue. Examples of inflammatory condi-
tions that are treatable or preventable using the N-Benzyl-
Substituted Pyridyl Porphyrin Compounds include, but are
not limited to, transplant rejection; chronic inflammatory dis-
orders of the joints, such as arthritis, rheumatoid arthritis,
osteoarthritis and bone diseases associated with increased
bone resorption; inflammatory bowel diseases such as 1ileitis,
ulcerative colitis, Barrett’s syndrome, and Crohn’s disease;
inflammatory lung disorders such as asthma, adult respiratory
distress syndrome (ARDS), and chronic obstructive airway
disease; mtlammatory disorders of the eye such as corneal
dystrophy, trachoma, onchocerciasis, uveitis, sympathetic
ophthalmitis and endophthalmaitis; chronic inflammatory dis-
orders of the gum, such as gingivitis and periodontitis; tuber-
culosis; leprosy; inflammatory diseases of the kidney such as
uremic complications, glomerulonephritis and nephrosis;
inflammatory disorders of the skin such as sclerodermatitis,
psoriasis and eczema; inflammatory diseases of the central
nervous system, such as chronic demyelinating diseases of
the nervous system, multiple sclerosis, AIDS-related neuro-
degeneration and Alzheimer’s disease, infectious meningitis,
encephalomyelitis, Parkinson’s disease, Huntington’s dis-
case, amyotrophic lateral sclerosis and viral or autoimmune
encephalitis; autoimmune diseases such as diabetes mellitus,
immune-complex vasculitis, systemic lupus erythematosus
(SLE); inflammatory diseases of the heart such as cardiomy-
opathy, 1schemic heart disease hypercholesterolemia, and
atherosclerosis; as well as inflammation resulting from vari-
ous diseases such as preeclampsia, chronic liver failure, brain
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and spinal cord trauma, and cancer. The N-Benzyl-Substi-
tuted Pyridyl Porphyrin Compounds can also be used to treat
or prevent reduce the progression of an inflammatory condi-
tion and/or to reduce the symptoms of the inflammatory con-
dition. In one embodiment, the N-Benzyl-Substituted Pyridyl
Porphyrin Compounds are useful for treating or preventing
pain associated with an intlammatory condition.

The inflammatory condition that is treatable or preventable
by administration of an effective amount of an N-Benzyl-
Substituted Pyridyl Porphyrin Compound can also be a sys-
temic inflammation of the body. Examples of systemic
inflammation include but are not limited to, gram-positive or
gram negative shock, sepsis, septic shock, hemorrhagic or
anaphylactic shock, (SIRS), or shock induced by cancer che-
motherapy 1n response to a pro-inflammatory cytokine such
as IL-2, mterferon-y, or GM-CSF.

In one embodiment, the mflammatory condition 1s circu-
latory shock, sepsis, systemic inflammatory response syn-
drome, hemorrhagic shock, cardiogenic shock, or systemic

inflammation induced by an anticancer immunotherapy such
as 1L.-2.

In one embodiment, an N-Benzyl-Substituted Pyridyl Por-
phyrin Compound can be used to treat or prevent an intlam-
matory skin disease. In one embodiment, the inflammatory
skin disease 1s contact dermatitis, erythema, or psoriasis.

In one embodiment, the mtflammatory condition results
from exposure to a reactive species.

5.4.11 Treatment or Prevention of a Repertusion
Injury

A reperfusion injury can be treated or prevented by admin-
istration of an effective amount of an N-Benzyl-Substituted
Pyridyl Porphyrin Compound. Reperfusion injury can result
tollowing a naturally occurring episode, such as a myocardial
infarction, stroke, or during a surgical procedure where blood
flow 1 vessels 1s imtentionally or unintentionally blocked.

Reperfusion mjuries that can be treated or prevented by
administering an effective amount of an N-Benzyl-Substi-
tuted Pyridyl Porphyrin Compound 1nclude, but are not lim-
ited to, intestinal reperfusion injury, stroke, neurotrauma,
neuroinjury, myocardial infarction, and reperfusion njury
resulting from cardiopulmonary bypass surgery, organ trans-
plantation surgery, thoracoabrominal aneurysm repair sur-
gery, carotid endarerectomy surgery, or hemorrhagic shock.

In one embodiment, the reperfusion injury results from
cardiopulmonary bypass surgery, thoracoabrominal aneu-
rysm repair surgery, carotid endarerectomy surgery or hem-
orrhagic shock.

In one embodiment, an N-Benzyl-Substituted Pyridyl Por-
phyrin Compound 1s administered during myocardial reper-
tusion. In one embodiment, the reperfusion results from car-
diopulmonary bypass. In another embodiment, the
reperfusion results 1n a myocardial infarction injury.

In one embodiment, the reperfusion mnjury 1s a reoxygen-

ation 1njury resulting from surgery, particularly organ trans-
plantation surgery.

In one embodiment, the organ transplantation 1s cardiac
transplantation or kidney transplantation.

In another embodiment, the organ transplantation 1s heart
transplantation, kidney transplantation, liver transplantation,
or lung transplantation.
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In one embodiment, the reperfusion injury that results from
exposure to a reactive species.

5.4.12 Treatment or Prevention of an Ischemic
Condition

An 1schemic condition can be treated or prevented by
administration of an effective amount of an N-Benzyl-Sub-
stituted Pyridyl Porphyrin Compound.

Ischemic conditions that can be treated or prevented by
administering an effective amount of an N-Benzyl-Substi-
tuted Pyridyl Porphyrin Compound include, but are not lim-
ited to, stable angina, unstable angina, myocardial ischemia,
hepatic 1schemia, mesenteric artery 1schemia, intestinal
ischemia, critical limb 1schemia, chronic critical limb
1schemia, erebral 1schemia, acute cardiac i1schemia, and an
1schemic disease of the central nervous system, such as stroke
or cerebral 1schemaia.

In one embodiment, the 1schemic condition 1s myocardial
ischemia, stable angina, unstable angina, stroke, 1schemic
heart disease or cerebral 1schemia.

In one embodiment, the 1schemic condition results from
exposure 1o a reactive species.

5.4.13 Treatment or Prevention or a Cardiovascular
Disease

A cardiovascular disease can be treated or prevented by
administration of an effective amount of an N-Benzyl-Sub-
stituted Pyridyl Porphyrin Compound.

Cardiovascular diseases that can be treated or prevented by
administering an effective amount of an N-Benzyl-Substi-
tuted Pyridyl Porphyrin Compound 1nclude, but are not lim-
ited to, chronic heart failure, atherosclerosis, congestive heart
failure, circulatory shock, cardiomyopathy, cardiac trans-
plant, myocardial infarction, and a cardiac arrhythmia, such
as atrial fibrillation, supraventricular tachycardia, atrial flut-
ter, and paroxysmal atrial tachycardia.

In one embodiment, the cardiovascular disease 1s a cardiac
arrhythmia, congestive heart failure, circulatory shock or car-
diomyopathy.

In another embodiment, the cardiac arrhythmia 1s atrial
fibrillation, supraventricular tachycardia, atrial flutter or par-
oxysmal atrial tachycardia.

In one embodiment, the cardiovascular disease 1s heart
failure.

In another embodiment, the cardiovascular disease 1s bal-
loon-induced vascular 1njury, coronary stenting, atheroscle-
rosis, or restenosis.

In another embodiment, the cardiovascular disease 1s acute
heart failure, chronic heart failure, ischemic heart failure,
drug-induced heart failure, idiopathic heart failure, alcoholic
heart failure, or cardiac arrhythmia.

In one embodiment, the cardiovascular disease results
from exposure to a reactive species.

5.4.14 Treatment or Prevention of Diabetes or a
Diabetic Complication

Diabetes or a diabetic complication can be treated or pre-
vented by administration of an effective amount of an N-Ben-
zyl-Substituted Pyridyl Porphyrin Compound.

Types of diabetes that can be treated or prevented by
administering an effective amount of an N-Benzyl-Substi-
tuted Pyridyl Porphyrin Compound 1nclude, but are not lim-
ited to, Type I diabetes (Insulin Dependent Diabetes Melli-
tus), Type II diabetes (Non-Insulin Dependent Diabetes
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Mellitus), gestational diabetes, an insulinopathy, diabetes
resulting from pancreatic disease, diabetes resulting from
another endocrine disease (such as Cushing’s Syndrome,
acromegaly, pheochromocytoma, glucagonoma, primary
aldosteronism or somatostatinoma), Type A insulin resistance
syndrome, Type B insulin resistance syndrome, lipatrophic
diabetes, and diabetes induced by {3-cell toxins.

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
can also be used to treat or prevent a diabetic complication.
Examples of diabetic complications that are treatable or pre-
ventable by administering an effective amount of an N-Ben-
zyl-Substituted Pyridyl Porphyrin Compound include, but
are not limited to, diabetic cataract, glaucoma, retinopathy,
nephropathy (such as microaluminuria and progressive dia-
betic nephropathy), polyneuropathy, gangrene of the feet,
atherosclerotic coronary arterial disease, peripheral artenal
disease, nonketotic hyperglycemic-hyperosmolar coma,
mononeuropathy, autonomic neuropathy, a skin or mucous
membrane complication (such as an infection, a shun spot, a
candidal infection or necrobiosis lipoidica diabeticorumobe-
sity), a peripheral vascular disesase, hyperlipidemia, hyper-
tension, syndrome of mnsulin resistance, coronary artery dis-
case, diabetic neuropathy, mononeuropathy, a foot ulcer, a
joint disease, a fungal infection, a bacterial infection, neur-
opathy, angiopathy, cardiomyopathy, and erectile dystunc-
tion.

5.4.15 Treatment or Prevention of a Side Effect of
Cancer Chemotherapy

A side effect of cancer chemotherapy can be treated or
prevented by admimistration of an effective amount of an
N-Benzyl-Substituted Pyridyl Porphyrin Compound.

Examples of a side effect of cancer chemotherapy include,
but are not limited to, nausea, vomiting, alopecia, myelosup-
pression, anorexia, neuropathy, headache, pain, dry mouth,
mouth sores, bone marrow suppression, hyperpigmentation,
skin rash, fluid retention, diarrhea, cardiotoxicity, anaphy-
laxis, fever and chills, leucopenia, thrombocytopenia, leth-
argy, nephrotoxicity, ototoxicity, hot flashes, hyperglycema,
and pancreatitis.

In one embodiment, the cancer chemotherapy comprises
administering a platinum-based antitumor agent. Accord-
ingly, the present invention encompasses methods for treating
or preventing a side effect resulting from administration of a
platinum-based antitumor agent, comprising administering to
a subject 1n need thereof an effective amount of an N-Benzyl-
Substituted Pyridyl Porphyrin Compound. Side effects
resulting from administration of a platinum-based antitumor
agent are those side eflects of cancer chemotherapy listed
above. In certain embodiments, platinum-based antitumor
agents 1nclude, but are not limited to, cisplatin, carboplatin,
aroplatin, and oxaliplatin.

In one embodiment, the cancer chemotherapy comprises
admininstering doxorubicin or cisplatin.

In a specific embodiment, an N-Benzyl-Substituted
Pyridyl Porphyrin Compound 1s administered to a subject in

need of treatment or prevention of a side effect of doxorubi-
cin.

In another specific embodiment, an N-Benzyl-Substituted
Pyridyl Porphyrin Compound 1s administered to a subject in
need of treatment or prevention of a side effect of cisplatin.
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5.4.16 Treatment or Prevention of a
Radiation-induced Injury

A radiation-induced 1njury can be treated or prevented by
administration of an effective amount ol an N-Benzyl-Sub-
stituted Pyridyl Porphyrin Compound to a subject.

Examples of a radiation-induced injury that 1s treatable or
preventable using the present methods include, but are not
limited to, an acute radiation syndrome, such as a cerebral
syndrome; a gastrointestinal syndrome; a hematopoietic syn-
drome; acute radiation sickness; pulmonary fibrosis; radia-
tion proctitis; neuropathy; nausea; vomiting; alopecia; pain;
headache; esophageal stricture; gastric ulcer; radiation pneu-
monitis; cardiomyopathy; photodamaged skin, which 1s char-
acterized by locally exaggerated pigmentation, looseness,
fine lines, wrinkles, enlarged pores, and the development of
darkened plugs 1in the sebaceous glands; skin cancer; sunburn;
solar dermatitis; photoallergic dermnatitis; sun spots; age
spots; and sun poisoning.

In one embodiment, treating a radiation-induced injury
includes increasing a subject’s survival time following expo-
sure to radiation.

In another embodiment, death 1s an example of a radiation-
induced injury that 1s preventable according to the present
invention.

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
are also useful for protecting bystander healthy tissue from a
radiation-induced injury during administration of therapeutic
radiation.

A radiation-induced injury may result from exposure of a
subject to 10n1zing radiation from numerous sources 1nclud-
ing, but not limited to, a nuclear weapon, such as an atomic
bomb, a neutron bomb, or a “dirty bomb;” an industrial
source, such as a nuclear power plant, a nuclear submarine, or
a nuclear waste disposal site; a diagnostic or therapeutic
medical or dental application, such as x-rays, C'1 scans, exter-
nal radiation therapy, internal radiation therapy (e.g., radio-
active “seed” implants used in cancer therapy). The njury
might result from an accident, an act of war or terrorism,
cumulative exposure at the home or workplace, purposeful
exposure during medical diagnosis or treatment, or exposure
to ultraviolet radiation, such as from sunlight.

Examples of a radiation-induced injury caused by expo-
sure to sunlight include, but are not limited to photodamaged
skin, which 1s characterized by locally exaggerated pigmen-
tation, looseness, fine lines, wrinkles, enlarged pores, and the
development of darkened plugs in the sebacious glands; skin
cancer; sunburn; solar dermatitis; photoallergic dermatitis;
sun spots; age spots; and sun poisomng. In one embodiment,
a subject being treated for a radiation-induced njury caused
by exposure to sunlight has been sensitized to sunlight by a
disease or by medication (drug-induced sensitivity).

In one embodiment, the 1njury 1s induced by radiation from
a nuclear weapon.

In another embodiment, the injury 1s induced by radiation
from a nuclear power plant.

In still another embodiment, the injury 1s induced by radia-
tion from radiation therapy that the subject 1s receiving for the
treatment of a non-radiation related disorder.

In still another embodiment, the 1njury 1s induced by radia-
tion from radiation therapy that the subject 1s receiving for the
treatment of cancer.

In one embodiment, the injury 1s induced by radiation from
a radioactive material that 1s exposed or administered to a
subject.



US 7,642,250 B2

33

In one embodiment, the radiation-induced injury results
from exposure to a reactive species.

5.4.17 Treatment or Prevention of Cancer

The mvention encompasses methods for treating or pre-
venting cancer, comprising administering to a subject in need
thereof an effective amount of an N-Benzyl-Substituted
Pyridyl Porphyrin Compound.

Examples of cancers that are treatable or preventable using
the N-Benzyl-Substituted Pyridyl Porphyrin Compounds
include, but are not limited to, the cancers disclosed below 1n
Table 1 and metastases thereof.

TABL.

L1

1

Solid tumors, including but not limited to:

fibrosarcoma
myxosarcoma
liposarcoma
chondrosarcoma
osteogenic sarcoma
chordoma

anglosarcoma
endotheliosarcoma
lymphangiosarcoma
lymphangioendotheliosarcoma
SYnovioma
mesothelioma

Ewing’s tumor
lelomyosarcoma
rhabdomyosarcoma
colon cancer

colorectal cancer

kidney cancer
pancreatic cancer

bone cancer

breast cancer

ovarian cancer

prostate cancer
esophageal cancer
stomach cancer

oral cancer

nasal cancer

throat cancer

squamous cell carcinoma
basal cell carcinoma
adenocarcinoma

sweat gland carcinoma
sebaceous gland carcinoma
papillary carcinoma
papillary adenocarcinomas
cystadenocarcinoma
medullary carcinoma
bronchogenic carcinoma
renal cell carcinoma
hepatoma

bile duct carcinoma
choriocarcinoma
Seminoma

embryonal carcinoma
Wilms’ tumor

cervical cancer

uterine cancer

testicular cancer

small cell lung carcinoma
bladder carcinoma

lung cancer

epithelial carcinoma
glioma

glioblastoma multiforme
astrocytoma
medulloblastoma
craniopharyngioma
ependymoma

pinealoma
hemangioblastoma
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TABLE 1-continued

acoustic neuroma

oligodendroglioma

meningioma

skin cancer

melanoma

neuroblastoma

retinoblastoma

blood-borme cancers, including but not limited to:

acute lymphoblastic leukemia (“ALL”)
acute lymphoblastic B-cell leukemia
acute lymphoblastic T-cell leukemia
acute myeloblastic leukemia (“AML")
acute promyelocytic leukemia (“APL”)
acute monoblastic leukemia

acute erythroleukemic leukemia

acute megakaryoblastic leukemia
acute myelomonocytic leukemia

acute nonlymphocyctic leukemia

acute undifferentiated leukemia
chronic myelocytic leukemia (*CML™)
chronic lymphocytic leukemia (“CLL™)
hairy cell leukemia

multiple myeloma

acute and chronic leukemias:

lymphoblastic
myelogenous
lymphocytic
myelocytic leukemias
Lymphomas:

Hodgkin’s disease

non-Hodgkin’s Lymphoma
Multiple myeloma

Waldenstrom’s macroglobulinemia
Heavy chain disease

Polycythemia vera

In one embodiment, the cancer 1s pancreatic cancer, col-
orectal cancer, mesothelioma, a malignant pleural effusion,
peritoneal carcinomatosis, peritoneal sarcomatosis, renal cell
carcinoma, small cell lung cancer, non-small cell lung cancer,
testicular cancer, bladder cancer, breast cancer, head and neck
cancer, or ovarian cancer.

In still another embodiment, the subject 1n need of treat-
ment or prevention has previously undergone treatment for
cancer. Such previous treatments include, but are not limited
to, prior chemotherapy, radiation therapy, surgery or immu-
notherapy, such as cancer vaccines.

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
are also useful for the treatment or prevention of a cancer
caused by a virus. For example, human papilloma virus can
lead to cervical cancer (see, e.g., Hernandez-Avila et al.,
Archives of Medical Research (1997) 28:265-271), Epstein-
Barr virus (EBV) can lead to lymphoma (see, ¢.g., Herrmann
ctal., J Pathol (2003) 199(2):140-5), hepatitis B or C virus can
lead to liver carcinoma (see, e.g., El-Serag, J Clin Gastroen-
terol (2002) 33(5 Suppl 2):S72-8), human T cell leukemia
virus (HTLV)-J can lead to T-cell leukemia (see e.g., Mor-
treux et al., Leukemia (2003) 17(1):26-38), human herpesvi-
rus-8 infection can lead to Kaposi’s sarcoma (see, e.g.,
Kadow et al., Curr Opin Investig Drugs (2002)3(11):1574-9),
and Human Immune deficiency Virus (HIV) infection con-
tribute to cancer development as a consequence of 1Immuno-
deficiency (see, e.g., Dal Maso et al., Lancet Oncol (2003)
4(2):110-9).

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
can also be administered to prevent the progression of a
cancer, including but not limited to the cancers listed in Table
1. Such prophylactic use 1s indicated in conditions known or
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suspected of preceding progression to neoplasia or cancer, 1n
particular, where non-neoplastic cell growth consisting of
hyperplasia, metaplasia, or most particularly, dysplasia has
occurred (for review of such abnormal growth conditions, see
Robbins and Angell, Basic Pathology, 68-79 (2d ed. 1976).
Hyperplasia 1s a form of controlled cell proliferation mvolv-
ing an increase in cell number 1n a tissue or organ, without
significant alteration in structure or function. For example,
endometrial hyperplasia often precedes endometrial cancer
and precancerous colon polyps often transform into cancer-
ous lesions. Metaplasia 1s a form of controlled cell growth 1n
which one type of adult or tully differentiated cell substitutes
for another type of adult cell. Metaplasia can occur 1n epithe-
l1al or connective tissue cells. A typical metaplasia involves a
somewhat disorderly metaplastic epithelium. Dysplasia 1s
frequently a forerunner of cancer, and 1s found mainly 1n the
epithelia; 1t 1s the most disorderly form of non-neoplastic cell
growth, involving a loss 1n individual cell uniformity and 1n
the architectural orientation of cells. Dysplastic cells often
have abnormally large, deeply stained nuclei, and exhibit
pleomorphism. Dysplasia characteristically occurs where
there exists chronic irritation or inflammation, and 1s often
tound 1n the cervix, respiratory passages, oral cavity, and gall
bladder.

Alternatively or 1n addition to the presence of abnormal
cell growth characterized as hyperplasia, metaplasia, or dys-
plasia, the presence of one or more characteristics of a trans-
formed phenotype, or of a malignant phenotype, displayed 1n
vivo or displayed 1n vitro by a cell sample from a subject, can
indicate the desirability of prophylactic/therapeutic adminis-
tration of an N-Benzyl-Substituted Pyridyl Porphyrin Com-
pound. Such characteristics of a transformed phenotype
include morphology changes, looser substratum attachment,
loss of contact inhibition, loss of anchorage dependence,
protease release, increased sugar transport, decreased serum
requirement, expression of fetal antigens, disappearance of
the 250,000 dalton cell surface protein. (see also 1d., at pp.
84-90 for characteristics associated with a transformed or
malignant phenotype).

In a specific embodiment, leukoplakia, a benign-appearing,
hyperplastic or dysplastic lesion of the epithelium, or
Bowen’s disease, a carcinoma 1n situ, are pre-neoplastic
lesions that can be treated or prevented according to the
present invention.

In another embodiment, fibrocystic disease (e.g., cystic
hyperplasia, mammary dysplasia, particularly adenosis (be-
nign epithelial hyperplasia)) can be treated or prevented
according to the present invention.

In other embodiments, cancer in a subject who exhibits one
or more of the following predisposing factors for malignancy
can be treated by administration of an effective amount of an
N-Benzyl-Substituted Pyridyl Porphyrin Compound: a chro-
mosomal translocation associated with a malignancy, e.g., the
Philadelphia chromosome for chronic myelogenous leuke-
mia or t(14;18) for follicular lymphoma; familial polyposis or
Gardner’s syndrome; benign monoclonal gammopathy; a
first degree kinship with persons having a cancer or precan-
cerous disease showing a Mendelian (genetic) inheritance
pattern, e.g., familial polyposis of the colon, Gardner’s syn-
drome, hereditary exostosis, polyendocrine adenomatosis,
medullary thyroid carcinoma with amyloid production and
pheochromocytoma, Peutz-Jeghers syndrome, neurofibro-
matosis ol Von Recklinghausen, retinoblastoma, carotid body
tumor, cutaneous melanocarcinoma, intraocular melanocar-
cinoma, Xxeroderma pigmentosum, ataxia telangiectasia, Che-
diak-Higashi syndrome, albimism, Fancon1’s aplastic anemua,
and Bloom’s syndrome (see Robbins and Angell, Basic
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Pathology, 112-112 (2d ed. 1976); and exposure to carcino-
gens, €.2., smoking, and inhalation of or contacting with
certain chemicals.

In another specific embodiment, the N-Benzyl-Substituted
Pyridyl Porphyrin Compounds are adminmistered to a human

subject to prevent progression to breast, colon, ovarian, or
cervical cancer.

5.5 Therapeutic/Prophylactic Administration and
Compositions of the Invention

Due to their activity, the N-Benzyl-Substituted Pyrnidyl
Porphyrin Compounds are advantageously useful in veter-
nary and human medicine. As described above, the N-Benzyl-
Substituted Pyridyl Porphyrin Compounds are useful for
treating or preventing a Condition or for prolonging the hali-
life of an oxidation-prone compound in a subject in need
thereof.

When administered to a subject, the N-Benzyl-Substituted
Pyridyl Porphyrin Compounds can be administered as a com-
ponent ol a composition that comprises a physiologically
acceptable carrier or vehicle. The present compositions,
which comprise an N-Benzyl-Substituted Pyridyl Porphyrin
Compound, can be administered orally. The N-Benzyl-Sub-
stituted Pyridyl Porphyrin Compounds can also be adminis-
tered by any other convenient route, for example, by infusion
or bolus imjection, by absorption through epithelial or muco-
cutaneous linings (e.g., oral, rectal, and intestinal mucosa)
and can be administered together with another biologically
active agent. Administration can be systemic or local. Various
delivery systems are known, ¢.g., encapsulation in liposomes,
microparticles, microcapsules, capsules, and can be admin-
1stered.

Methods of administration include, but are not limited to,
intradermal, intramuscular, intraperitoneal, intravenous, ocu-
lar, subcutanecous, intranasal, epidural, oral, sublingual,
intracerebral, intravaginal, transdermal, rectal, by inhalation,
or topical, particularly to the ears, nose, eyes, or skin. In some
instances, administration will result in the release of the
N-Benzyl-Substituted Pyridyl Porphyrin Compounds into
the bloodstream. The mode of administration can be left to the
discretion of the practitioner.

In one embodiment, the N-Benzyl-Substituted Pyridyl
Porphyrin Compounds are administered orally.

In other embodiments, 1t can be desirable to administer the
N-Benzyl-Substituted Pyridyl Porphyrin Compounds locally.
This can be achieved, for example, and not by way of limita-
tion, by local infusion during surgery, topical application,
¢.g., In conjunction with a wound dressing after surgery, by
injection, by means of a catheter, by means of a suppository or
enema, or by means of an implant, said implant being of a
porous, non-porous, or gelatinous material, including mem-
branes, such as sialastic membranes, or fibers.

In certain embodiments, 1t can be desirable to introduce the
N-Benzyl-Substituted Pyridyl Porphyrin Compounds into
the central nervous system or gastrointestinal tract by any
suitable route, including intraventricular, intrathecal, and epi-
dural injection, and enema. Intraventricular injection can be
facilitated by an intraventricular catheter, for example,
attached to a reservoir, such as an Ommaya reservorr.

Pulmonary administration can also be employed, e.g., by
use of an ihaler of nebulizer, and formulation with an aero-
solizing agent, or via perfusion in a fluorocarbon oar, syn-
thetic pulmonary surfactant. In certain embodiments, the
N-Benzyl-Substituted Pyridyl Porphyrin Compounds can be
formulated as a suppository, with traditional binders and
excipients such as triglycerides.
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In another embodiment the N-Benzyl-Substituted Pyridyl
Porphyrin Compounds can be delivered 1n a vesicle, in par-
ticular a liposome (see Langer, Science 249:1527-1533
(1990) and Treat or preventetal., Liposomes in the Therapy of
Infectious Disease and Cancer317-327 and 353-365 (1989)).

In yet another embodiment the N-Benzyl-Substituted
Pyridyl Porphyrin Compounds can be delivered in a con-
trolled-release system or sustained-release system (see, e.g.,
Goodson, 1n Medical Applications of Controlled Release,
supra, vol. 2, pp. 115-138 (1984)). Other controlled or sus-
tained-release systems discussed in the review by Langer,
Science 249:1527-1533 (1990) can be used. In one embodi-
ment a pump can be used (Langer, Science 249:1527-1533
(1990); Setton, CRC Crit. Ref Biomed. Eng. 14:201 (1987);
Buchwald et al., Surgery 88:507 (1980); and Saudek et al., V.
Engl. J Med. 321:574 (1989)). In another embodiment poly-
meric materials can be used (see Medical Applications of
Controlled Release (Langer and Wise eds., 1974); Controlled
Drug Bioavailability, Drug Product Design and Performance
(Smolen and Ball eds., 1984); Ranger and Peppas, J. Macro-
mol. Sci. Rev. Macromol. Chem. 2:61 (1983); Levy et al.,
Science 228:190 (1935); During et al., Ann. Neural. 25:351
(1989); and Howard et al., J. Neurosurg. 71:105 (1989)).

In yet another embodiment a controlled- or sustained-re-
lease system can be placed 1 proximity of a target of the
N-Benzyl-Substituted Pyridyl Porphyrin Compounds, e.g.,
the spinal column, brain, skin, lung, thyroid gland, colon or
gastrointestinal tract, thus requiring only a fraction of the
systemic dose.

The present compositions can optionally comprise a suit-
able amount of a pharmaceutically acceptable excipient so as
to provide the form for proper administration to the subject.

Such pharmaceutical excipients can be liquids, such as
water and oils, including those of petroleum, animal, veg-
ctable, or synthetic origin, such as peanut o1l, soybean oil,
mineral oi1l, sesame o1l and the like. The pharmaceutical
excipients can be saline, gum acacia, gelatin, starch paste,
talc, keratin, colloidal silica, urea and the like. In addition,
auxiliary, stabilizing, thickening, lubricating, and coloring
agents can be used. In one embodiment the pharmaceutically
acceptable excipients are sterile when administered to a sub-
ject. Water 1s a particularly usetul excipient when the N-Ben-
zyl-Substituted Pyridyl Porphyrin Compounds 1s adminis-
tered intravenously. Saline solutions and aqueous dextrose
and glycerol solutions can also be employed as liquid excipi-
ents, particularly for injectable solutions. Suitable pharma-
ceutical excipients also include starch, glucose, lactose,
sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium
stearate, glycerol monostearate, talc, sodium chlornide, dried
skim milk, glycerol, propylene, glycol, water, ethanol and the
like. The present compositions, 1f desired, can also contain
minor amounts of wetting or emulsifying agents, or pH buil-
ering agents.

The present compositions can take the form of solutions,
suspensions, emulsion, tablets, pills, pellets, capsules, cap-
sules containing liquids, powders, sustained-release formu-
lations, suppositories, emulsions, aerosols, sprays, suspen-
s10ms, or any other form suitable for use. In one embodiment
the composition 1s 1n the form of a capsule (see e.g. U.S. Pat.
No. 3,698,155). Other examples of suitable pharmaceutical
excipients are described in Remington’s Pharmaceutical Sci-
ences 1447-1676 (Alfonso R. Gennaro eds., 19th ed. 1995),
incorporated herein by reference.

In one embodiment the N-Benzyl-Substituted Pyridyl Por-
phyrin Compounds are formulated 1n accordance with routine
procedures as a composition adapted for oral administration
to human beings. Compositions for oral delivery can be 1n the
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form of tablets, lozenges, aqueous or oi1ly suspensions, gran-
ules, powders, emulsions, capsules, syrups, or elixirs for
example. Orally administered compositions can contain one
or more agents, for example, sweetening agents such as fruc-
tose, aspartame or saccharin; flavoring agents such as pep-
permint, o1l of wintergreen, or cherry; coloring agents; and
preserving agents, to provide a pharmaceutically palatable
preparation. Moreover, where 1n tablet or pill form, the com-
positions can be coated to delay disintegration and absorption
in the gastrointestinal tract thereby providing a sustained
action over an extended period of time. Selectively permeable
membranes surrounding an osmotically active driving an
N-Benzyl-Substituted Pyridyl Porphyrin Compound are also
suitable for orally administered compositions. In these latter
platforms, fluid from the environment surrounding the cap-
sule 1s 1mbibed by the driving compound, which swells to
displace the agent or agent composition through an aperture.
These delivery platforms can provide an essentially zero-
order delivery profile as opposed to the spiked profiles of
immediate release formulations. A time-delay material such
as glycerol monostearate or glycerol stearate can also be used.
Oral compositions can include standard excipients such as
mannitol, lactose, starch, magnesium stearate, sodium sac-
charin, cellulose, and magnesium carbonate. In one embodi-
ment the excipients are of pharmaceutical grade.

In another embodiment the N-Benzyl-Substituted Pyridyl
Porphyrin Compounds can be formulated for intravenous
administration. Typically, compositions for intravenous
administration comprise sterile 1sotonmic aqueous buller.
Where necessary, the compositions can also include a solu-
bilizing agent. Compositions for intravenous administration
can optionally include a local anesthetic such as lignocaine to
lessen pain at the site of the mjection. Generally, the ingredi-
ents are supplied either separately or mixed together 1n unit
dosage form, for example, as a dry lyophilized-powder or
water free concentrate 1n a hermetically sealed container such
as an ampule or sachette indicating the quantity of active
agent. Where the N-Benzyl-Substituted Pyridyl Porphyrin
Compounds are to be administered by infusion, they can be
dispensed, for example, with an infusion bottle containing
sterile pharmaceutical grade water or saline. Where the
N-Benzyl-Substituted Pyridyl Porphyrin Compounds are
administered by injection, an ampule of sterile water for
injection or saline can be provided so that the ingredients can
be mixed prior to administration.

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
can be administered by controlled-release or sustained-re-
lease means or by delivery devices that are well known to
those skilled 1n the art. Examples include, but are not limited
to, those described 1n U.S. Pat. Nos. 3,845,770; 3,916,899;
3,536,809; 3,598,123; 4,008,719; 5,674,533; 5,059,593;
5,591,767, 5,120,548; 5,073,543; 5,639,476; 5,354,556; and
5,733,556, each of which 1s incorporated herein by reference.
Such dosage forms can be used to provide controlled- or
sustained-release of one or more active ingredients using, for
example, hydropropylmethyl cellulose, other polymer matri-
ces, gels, permeable membranes, osmotic systems, multilayer
coatings, microparticles, liposomes, microspheres, or a com-
bination thereof to provide the desired release profile 1n vary-
ing proportions. Suitable controlled- or sustained-release for-
mulations known to those skilled 1n the art, including those
described herein, can be readily selected for use with the
active mngredients of the invention. The invention thus encom-
passes single unit dosage forms suitable for oral administra-
tion such as, but not limited to, tablets, capsules, gelcaps, and
caplets that are adapted for controlled- or sustained-release.
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In one embodiment a controlled- or sustained-release com-
position comprises a minimal amount of an N-Benzyl-Sub-
stituted Pyridyl Porphyrin Compound to treat or prevent the
Condition or to prolong the half-life of an oxidation-prone
compound 1in a mimimal amount of time. Advantages of con-
trolled- or sustained-release compositions include extended
activity of the drug, reduced dosage frequency, and increased
subject compliance. In addition, controlled- or sustained-

release compositions can favorably atlfect the time of onset of
action or other characteristics, such as blood levels of the
N-Benzyl-Substituted Pyridyl Porphyrin Compound, and can
thus reduce the occurrence of adverse side effects.

Controlled- or sustained-release compositions can initially
release an amount of an N-Benzyl-Substituted Pyridyl Por-
phyrin Compound that promptly produces the desired thera-
peutic or prophylactic effect, and gradually and continually
release other amounts of the N-Benzyl-Substituted Pyridyl
Porphyrin Compound to maintain this level of therapeutic or
prophylactic effect over an extended period of time. To main-
tain a constant level of the N-Benzyl-Substituted Pynidyl
Porphyrin Compound 1n the body, the N-Benzyl-Substituted
Pyridyl Porphyrin Compound can be released from the dos-
age form at a rate that will replace the amount of N-Benzyl-
Substituted Pyridyl Porphyrin Compound being metabolized
and excreted from the body. Controlled- or sustained-release
of an active mgredient can be stimulated by various condi-
tions, including but not limited to, changes 1n pH, changes in
temperature, concentration or availability of enzymes, con-
centration or availability of water, or other physiological con-
ditions or compounds.

The amount of the N-Benzyl-Substituted Pyridyl Porphy-
rin Compound that 1s effective 1n the treatment or prevention
of a Condition or prolongation of the half-life of an oxidation-
prone compound can be determined by standard clinical tech-
niques. In addition, 1n vitro or 1n vivo assays can optionally be
employed to help 1dentify optimal dosage ranges. The precise
dose to be employed can also depend on the route of admin-
istration, the time of the subject’s exposure to radiation, the
amount ol radiation that a subject1s exposed to, or the severity
of the Condition being prevented or treated. Suitable effective
dosage amounts, however, range from about 10 micrograms
to about 5 grams about every 4 h, although they are typically
about 500 mg or less per every 4 hours. In one embodiment
the effective dosage 1s about 0.01 mg, 0.5 mg, about 1 mg,
about 50 mg, about 100 mg, about 200 mg, about 300 mg,
about 400 mg, about 500 mg, about 600 mg, about 700 mg,
about 800 mg, about 900 mg, about 1 g, about 1.2 g, about 1.4
g about 1.6 g, about 1.8 g, about 2.0 g, about 2.2 g, about 2.4
g, about 2.6 g, about 2.8 g, about 3.0 g, about 3.2 g, about 3.4
g, about 3.6 g, about 3.8 g, about 4.0g, about 4.2 g, about 4.4
g, about 4.6 g, about 4.8 g, and about 5.0 g, every 4 hours.
Equivalent dosages may be administered over various time
periods including, but not limited to, about every 2 hours,
about every 6 hours, about every 8 hours, about every 12
hours, about every 24 hours, about every 36 hours, about
every 48 hours, about every 72 hours, about every week,
about every two weeks, about every three weeks, about every
month, and about every two months. The effective dosage
amounts described herein refer to total amounts adminis-
tered; that 1s, 11 more than one N-Benzyl-Substituted Pyridyl
Porphyrin Compounds 1s administered, the effective dosage
amounts correspond to the total amount administered.

When the N-Benzyl-Substituted Pyridyl Porphyrin Com-

pounds are administered for prevention of a radiation-in-
ducted therapy injury, the N-Benzyl-Substituted Pyridyl Por-
phyrin Compound can be administered 48 hours or less time
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prior to exposure to radiation. Administration cab be repeated
at regular intervals as set forth above.

In one embodiment, an intial dose of an N-Benzyl-Substi-
tuted Pyridyl Porphyrin Compound i1s administered from
about 5 minutes to about one hour prior to exposure to radia-
tion with repeated doses optionally administered at regular
intervals thereaftter.

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
can be assayed 1n vitro or 1n vivo for the desired therapeutic or
prophylactic activity prior to use in humans.

The present methods for treating or preventing a Condition
or for prolonging the hali-life of an oxidation-prone com-
pound 1n a subject 1n need thereof can further comprise
administering another therapeutic agent to the subject being
administered an N-Benzyl-Substituted Pyridyl Porphyrin
Compound. In one embodiment the other therapeutic agent 1s
administered 1n an effective amount.

Effective amounts of the other therapeutic agents are well
known to those skilled in the art. However, 1t 1s well within the
skilled artisan’s purview to determine the other therapeutic
agent’s optimal effective amount range. In one embodiment
of the invention, where-another therapeutic agent 1s adminis-
tered to a subject, the effective amount of the N-Benzyl-
Substituted Pyridyl Porphyrin Compound 1s less than its
eifective amount would be where the other therapeutic agent
1s not admimstered. In this case, without being bound by
theory, 1t 1s believed that the N-Benzyl-Substituted Pyridyl
Porphyrin Compounds and the other therapeutic agent act
synergistically to treat or prevent a Condition or for prolong-
ing the half-life of an oxidation-prone compound.

The other therapeutic agent can be an anti-inflammatory
agent. Examples of usetul anti-inflammatory agents include,
but are not limited to, adrenocorticosteroids, such as cortisol,
cortisone, fludrocortisone, prednisone, prednisolone, 6a-me-
thylprednisolone, triamcinolone, betamethasone, and dexam-
cthasone; and non-steroidal anti-inflammatory agents
(NSAIDs), such as aspirin, acetaminophen, indomethacin,
sulindac, tolmetin, diclofenac, ketorolac, ibuprofen,
naproxen, flurbiproien, ketoprofen, fenoprofen, oxaprozin,
mefenamic acid, meclofenamic acid, piroxicam, meloxicam,
nabumetone, rofecoxib, celecoxib, etodolac, and nimesulide.

The other therapeutic agent can be an anti-diabetic agent.
Examples of useful anti-diabetic agents include, but are not
limited to, glucagons; somatostatin; diazoxide; sulfony-
lureas, such as tolbutamide, acetohexamide, tolazamide,
chloropropamide, glybenclamide, glipizide, gliclazide, and
glimepiride; 1insulin secretagogues, such as repaglinide, and
nateglinide; biguanides, such as metformin and phenformin;
thiazolidinediones, such as pioglitazone, rosiglitazone, and
troglitazone; and a.-glucosidase 1inhibitors, such as acarbose
and miglitol.

-

T'he other therapeutic agent can be an anti-cardiovascular
disease agent. Examples of useful anti-cardiovascular disease
agents include, but are not limited to, camitine; thiamine; and
muscarinic receptor antagonists, such as atropine, scopola-
mine, homatropine, tropicamide, pirenzipine, ipratropium,
tiotropium, and tolterodine.

The other therapeutic agent can be an immunosuppressive
agent. Examples of useful immunosuppressive agents include
a corticosteroid, a calcineurin inhibitor, an antiproliferative
agent, a monoclonal antilymphocyte antibody, a polyclonal
antilymphocyte antibody, prednisone, methylprednisolone,
cyclosporine, tacrolimus, mycophenolate mofetil, azathio-
prine, sirolimus, muromonab-CD3, iterleukin-2 receptor
antagonist, daclizumab, antithymocyte globulin-equine, and
antithymocyte globulin-rabbit. In one embodiment, the meth-
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ods for treating or preventing a reoxygenation injury resulting
from organ transplantation further comprises administering
an Immunosuppressive agent.

The other therapeutic agent can be an antiemetic agent.
Examples of useful antiemetic agents include, but are not
limited to, metoclopromide, domperidone, prochlorperazine,
promethazine, chlorpromazine, trimethobenzamide,
ondansetron, granisetron, hydroxyzine, acetylleucine mono-
cthanolamine, alizapride, azasetron, benzquinamide, biet-
anautine, bromopride, buclizine, clebopride, cyclizine,
dimenhydrinate, diphenidol, dolasetron, meclizine, methal-
latal, metopimazine, nabilone, oxypemdyl, pipamazine, sco-
polamine, sulpiride, tetrahydrocannabinol, thiethylperazine,
thioproperazine, tropisetron, and mixtures thereof.

The other therapeutic agent can be an anticancer agent. The
N-Benzyl-Substituted Pyridyl Porphyrin Compound and the
other anticancer agent can act additively or synergistically. A
synergistic use of an N-Benzyl-Substituted Pyridyl Porphyrin
Compound and another anticancer agent allows the use of
lower dosages of one or more of these agents and/or less
frequent administration of the agents to a subject with cancer.
The ability to utilize lower dosages of an N-Benzyl-Substi-
tuted Pyridyl Porphyrin Compound and/or additional anti-
cancer agents and/or to administer the agents less frequently
can reduce the toxicity associated with the administration of
the agents to a subject without reducing the efficacy of the
agents 1n the treatment of cancer. In addition, a synergistic
elfect can result 1n the improved eflicacy of these agents 1n the
treatment of cancer and/or the reduction of adverse or
unwanted side effects associated with the use of either agent
alone.

In one embodiment, the N-Benzyl-Substituted Pyndyl
Porphyrin Compound and the anticancer agent can act syn-
ergistically when administered in doses typically employed
when such agents are used as monotherapy for the treatment
of cancer. In another embodiment, the N-Benzyl-Substituted
Pyridyl Porphyrin Compound and the anticancer agent can
act synergistically when administered in doses that are less
than doses typically employed when such agents are used as
monotherapy for the treatment of cancer.

In one embodiment, the additional anticancer agent can be,
but 1s not limited to, a drug listed in Table 2.

TABL.

(L]

2

Alkylating agents

Cyclophosphamide
[fostamide
Trofostamide
Chlorambucil
Carmustine (BCNU)
Lomustine (CCNU)
Busulfan
Treosulfan
Dacarbazine
Procarbazine
Temozolomide
Cisplatin
Carboplatin
Aroplatin
Oxaliplatin

Nitrogen mustards:

Nitrosoureas:

Alkylsulphonates:

Triazenes:

Platinum containing complexes:

Plant Alkaloids

Vincristine
Vinblastine
Vindesine
Vinorelbine
Paclitaxel
Docetaxel

Vinca alkaloids:

Taxoids:
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DNA Topoisomerase Inhibitors

TABL.

Epipodophyllins:

Mitomycins:

Anti-folates:

DHFR inhibitors:

IMP dehydrogenase Inhibitors:

Ribonuclotide reductase
Inhibitors:

Pyrimidine analogs:

Uracil analogs:

Cytosine analogs:

Purine analogs:

DNA Antimetabolites:

Hormonal therapies:
Receptor antagonists:

Anti-estrogen:

LHRH agonists:
Anti-androgens:

Retinoids/Deltoids

Vitamin A derivative:
Vitamin D3 analogs:

Photodynamic therapies:

Cytokines:

Angiogenesis Inhibitors:

42

L 2-continued

Etoposide

Teniposide

Topotecan
9-aminocamptothecin
Camptothecin
Crisnatol

Mitomycin C
Anti-metabolites

Methotrexate
Trimetrexate
Mycophenolic acid
Tiazoturin
Ribavirin

EICAR
Hydroxyurea

Deferoxamine

5-Fluorouracil
Fluoxuridine
Doxifluridine
Ralitrexed

Cytarabine (ara C)
Cytosine arabinoside
Fludarabine
Gemcitabine
Capecitabine
Mercaptopurine
Thioguanine

3-HP
2'-deoxy-5-fluorouridine
5-HP

Alpha-TGDR
aphidicolin glycinate
ara-C
5-aza-2'-deoxycytidine
beta-TGDR
cyclocytidine
guanazole

inosine glycodialdehyde
macebecin 11
Pyrazoloimidazole

Tamoxifen
Raloxifene
Megestrol
(Goscrelin
Leuprolide acetate
Flutamide
Bicalutamide

Cis-retinoic acid

All-trans retinoic acid (ATRA-IV)

EB 1089

CB 1093

KH 1060

Vertoporfin (BPD-MA)
Phthalocyanine
Photosensitizer Pc4
Demethoxy-hypocrellin A
(2BA-2-DMHA)
Interferon-o
Interferon-p
Interferon-y

Tumor necrosis factor
Anglostatin (plasminogen
fragment)

antiangiogenic antithrombin III

Anglozyme
ABT-627
Bay 12-9566



TABL

Antimitotic agents:

Others:

Isoprenylation inhibitors:
Dopaminergic neurotoxins:
Cell cycle inhibitors:
Actinomycins:
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L 2-continued

Benefin

Bevacizumab

BMS-275291

cartilage-derived inhibitor (CDI)
CAI

CD39 complement fragment
CEP-7055

Col 3

Combretastatin A-4

Endostatin (collagen XVIII
fragment)

Fibronectin fragment

Gro-beta

Halofuginone

Heparinases

Heparin hexasaccharide fragment
HMV&33

Human chorionic gonadotropin
(hCG)

IM-862

Interferon alpha/beta/gamma
Interferon inducible protein (IP-
10)

Interleukin-12

Kringle 5 (plasminogen fragment)
Marimastat

Metalloproteinase inhibitors
(TIMPs)

2-Methoxyestradiol

MMI 270 (CGS 27023A)
MoAb IMC-1C11

Neovastat

NM-3

Panzem

PI-8%

Placental ribonuclease inhibitor
Plasminogen activator inhibitor
Platelet factor-4 (PF4)
Prinomastat

Prolactin 16 kD fragment
Proliferin-related protein (PRP)
PTK 787/ZK 222594

Retinoids

Solimastat

Squalamine

SS 3304

SU 5416

SU6668

SU11248

Tetrahydrocortisol-S
Tetrathiomolybdate
Thalidomide
Thrombospondin-1 (TSP-1)
TNP-470

Transforming growth factor-beta
(TGE-p)

Vasculostatin

Vasostatin (calreticulin fragment)
ZD6126

ZD 6474

farnesyl transferase inhibitors
(FTT)
Bisphosphonates
Allocolchicine
Halichondrin B
Colchicine
colchicine derivative
dolstatin 10
Maytansine
Rhizoxin
Thiocolchicine

trityl cysteine

1-methyl-4-phenylpyridinium ion
Staurosporine

Actinomycin D

Dactinomycin

10

15

20

25

30

35

40

45

50

55

60

65

44

TABLE 2-continued

Bleomycin A2
Bleomycin B2
Peplomycin
Daunorubicin
Doxorubicin (adriamycin)
Idarubicin
Epirubicin
Pirarubicin
Zorubicin
Mitoxantrone
Verapamil
Thapsigargin

Bleomycins:

Anthracyclines:

MDR inhibitors:
Ca’* ATPase inhibitors:

Other additional anticancer agents that can be used 1n the
compositions and methods of the present imnvention include,
but are not limited to: acivicin; aclarubicin; acodazole hydro-
chloride; acronine; adozelesin; aldesleukin; altretamine;
ambomycin; ametantrone acetate; aminoglutethimide; amsa-
crine; anastrozole; anthramycin; asparaginase; asperlin; aza-
citidine; azetepa; azotomycin; batimastat; benzodepa;
bicalutamide; bisantrene hydrochloride; bisnafide dimesy-
late; bizelesin; bleomycin sulfate; brequinar sodium; bropir-
imine; busulfan; cactinomycin; calusterone; caracemide; car-
betimer; carboplatin; carmustine; carubicin hydrochloride;
carzelesin; cedefingol; chlorambucil; cirolemycin; cisplatin;
cladribine; crisnatol mesylate; cyclophosphamide; cytara-
bine; dacarbazine; dactinomycin; daunorubicin hydrochlo-
ride; decitabine; dexormaplatin; dezaguanine; dezaguanine
mesylate; diaziquone; docetaxel; doxorubicin; doxorubicin
hydrochloride; droloxifene; droloxifene citrate; dromo-
stanolone propionate, duazomycin; edatrexate; eflornithine
hydrochloride; elsamitrucin; enloplatin; enpromate; epipro-
pidine; epirubicin hydrochlornide; erbulozole; esorubicin
hydrochloride; estramustine; estramustine phosphate
sodium; etanidazole; etoposide; etoposide phosphate; eto-
prine; fadrozole hydrochlonde; fazarabine; fenretinide;
floxuridine; fludarabine phosphate; tluorouracil; flurocitab-
ine; fosquidone; fostriecin sodium; gemcitabine hydrochlo-
ride; hydroxyurea; idarubicin hydrochloride; ifosfamide;
1lmofosine; interleukin-2 (including recombinant interleu-
kin-2, or rIL.2), mterferon alfa-2a; interferon alfa-2f3; inter-
feron alfa-nl; interferon alfa-n3: interferon beta-Ic.; inter-
feron gamma-If3; 1proplatin; 1irinotecan hydrochloride;
lanreotide acetate; letrozole; leuprolide acetate; liarozole
hydrochloride; lometrexol sodium; lomustine; losoxantrone
hydrochloride; masoprocol, maytansine; mechlorethamine
hydrochloride; megestrol acetate; melengestrol acetate; mel-
phalan; menogaril; mercaptopurine; methotrexate; methotr-
exate sodium; metoprine; meturedepa; mitindomide; mito-
carcin; mitocromin; mitogillin; mitomalcin; mitomycin;
mitosper; mitotane; mitoxantrone hydrochloride; mycophe-
nolic acid; nocodazole; nogalamycin; ormaplatin; oxisuran;
paclitaxel; pegaspargase; peliomycin; pentamustine; peplo-
mycin sulfate; perfosfamide; pipobroman; piposulian; pirox-
antrone hydrochlonde; plicamycin; plomestane; porfimer
sodium; porfiromycin; prednimustine; procarbazine hydro-
chloride; puromycin; puromycin hydrochloride; pyrazofurin;
riboprine; rogletimide; safingol; safingol hydrochloride;
semustine; simtrazene; sparfosate sodium; sparsomycin;
spirogermanium hydrochloride; spiromustine; spiroplatin;
streptonigrin; streptozocin; sulofenur; talisomycin; tecogalan
sodium; tegafur; teloxantrone hydrochloride; temoporfin;
teniposide; teroxirone; testolactone; thiamiprine; thiogua-
nine; thiotepa; tiazofurin; tirapazamine; toremifene citrate;
trestolone acetate; triciribine phosphate; trimetrexate; trime-
trexate glucuronate; triptorelin; tubulozole hydrochloride;
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uracil mustard; uredepa; vapreotide; verteporfin; vinblastine
sulfate; vincristine sulfate; vindesine; vindesine sulfate; vine-
pidine sulfate; vinglycinate sulfate; vinleurosine sulfate;
vinorelbine tartrate; vinrosidine sulfate; vinzolidine sulfate;
vorozole; zeniplatin; zinostatin; zorubicin hydrochloride.
Further anticancer drugs that can be used in the methods
and compositions of the invention include, but are not limited
to: 20-ep1-1,25 dihydroxyvitamin D3; S-ethynyluracil; abi-
raterone; aclarubicin; acylfulvene; adecypenol; adozelesin;
aldesleukin; ALL-TK antagonists; altretamine; ambamus-
tine; amidox; amifostine; aminolevulinic acid; amrubicin;
amsacrine; anagrelide; anastrozole; andrographolide; angio-
genesis inhibitors; antagonist D; antagonist G; antarelix; anti-
dorsalizing morphogenetic protein-1; antiandrogen, prostatic
carcinoma; antiestrogen; antineoplaston; antisense oligo-
nucleotides; aphidicolin glycinate; apoptosis gene modula-
tors; apoptosis regulators; apurinic acid; ara-CDP-DL-
PTBA; arginine deaminase; asulacrine; atamestane;
atrimustine; axinastatin 1; axinastatin 2; axinastatin 3; aza-
setron; azatoxin; azatyrosine; baccatin III derivatives; bal-
anol; batimastat; BCR/ABL antagonists; benzochlorins; ben-
zoylstaurosporine; beta Lactam Derivatives; beta-alethine;
betaclamycin B; betulinic acid; bFGF inhibitor; bicaluta-
mide; bisantrene; bisaziridinylspermine; bisnafide; bistratene
A; bizelesin; bretlate; bropirimine; budotitane; buthionine
sulfoximine; calcipotriol; calphostin C; camptothecin deriva-
tives; canarypox IL-2; carboxamide-amino-triazole; car-
boxyamidotriazole; CaRest M3; CARN 700; cartilage
derived inhibitor; carzelesin; casein kinase imnhibitors (ICOS);
castanospermine; cecropin B; cetrorelix; chlorlns; chloroqui-
noxaline sulfonamide; cicaprost; cis-porphyrin; cladribine;
clomifene Analogues; clotrimazole; collismycin A; collismy-
cin B; combretastatin A4; combretastatin Analogue; conage-
nin; crambescidin 816; crisnatol; cryptophycin 8; cryptophy-
cin A denvatives; curacin A; cyclopentanthraquinones;
cycloplatam; cypemycin; cytarabine ociosiate; cytolytic fac-
tor; cytostatin; dacliximab; decitabine; dehydrodidemnin B;
deslorelin; dexamethasone; dexifostamide; dexrazoxane;
dexverapamil; diaziquone; didemnin B; didox; diethylnor-
spermine; dihydro-3-acytidine; dihydrotaxol; dioxamycin;
diphenyl spiromustine; docetaxel; docosanol; dolasetron;
doxifluridine; droloxifene; dronabinol; duocarmycin SA;
ebselen; ecomustine; edelfosine; edrecolomab; eflomithine;
clemene; emitefur; epirubicin; epristeride; estramustine Ana-
logue; estrogen agonists; estrogen antagonists; etanidazole;
ctoposide phosphate; exemestane; fadrozole; fazarabine; fen-
retinide; filgrastim; finasteride; flavopiridol; flezelastine; tlu-
asterone; fludarabine; fluorodaunorumicin hydrochlornde;
forfenimex; formestane; fostriecin; fotemustine; gadolinium
texaphyrin; gallium nitrate; galocitabine; ganirelix; gelati-
nase inhibitors; gemcitabine; glutathione mhibitors; hepsul-
fam; heregulin; hexamethylene bisacetamide; hypericin;
ibandronic acid; idarubicin; 1doxifene; idramantone:; 1lmo-
fosine; 1lomastat; imidazoacridones; imiquimod; 1mmuno-
stimulant peptides; insulin-like growth factor-1 receptor
inhibitor; 1nterferon agonists; interierons; interleukins;
iobenguane; 1ododoxorubicin; 1pomeanol, 4-; 1roplact;
irsogladine; 1sobengazole; 1sohomohalicondrin B; 1tasetron;
jasplakinolide; kahalalide F; lamellarin-N triacetate; lan-
reotide; leinamycin; lenograstim; lentinan sulfate; leptolsta-
tin; letrozole; leukemia inhibiting factor; leukocyte alpha
interferon; leuprolide+estrogen+progesterone; leuprorelin;
levamisole; liarozole; linear polyamine Analogue; lipophilic
disaccharide peptide; lipophilic platinum complexes; lisso-
clinamide 7; lobaplatin; lombricine; lometrexol; lomdamine;
losoxantrone; lovastatin; loxoribine:; lurtotecan; lutetium
texaphyrin; lysofylline; lytic peptides; maitansine; mannosta-
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tin A; marimastat; masoprocol; maspin; matrilysin inhibitors;
matrix metalloproteinase inhibitors; menogaril; merbarone;
meterelin; methioninase; metoclopramide; MIF 1nhibitor;
mifepristone; miltefosine; mirimostim; mismatched double
stranded RNA; mitoguazone; mitolactol; mitomycin Ana-
logues; mitonafide; mitotoxin fibroblast growth factor-sa-
porin; mitoxantrone; mofarotene; molgramostim; mono-
clonal antibody, human chorionic gonadotrophin;
monophosphoryl lipid A+myobacterium cell wall sk; mopi-
damol; multiple drug resistance gene inhibitor; multiple
tumor suppressor 1-based therapy; mustard anticancer
agents; mycaperoxide B; mycobacterial cell wall extract;
myriaporone; N-acetyldinaline; N-substituted benzamaides;
nafarelin; nagrestip; naloxone+pentazocine; napavin; naph-
terpin; nartograstim; nedaplatin; nemorubicin; neridronic
acid; neutral endopeptidase; nilutamide; nisamycin; nitric
oxide modulators; nitroxide antioxidant; mtrullyn; O6-ben-
zylguanine; octreotide; okicenone; oligonucleotides;
onapristone; ondansetron; ondansetron; oracin; oral cytokine
inducer; ormaplatin; osaterone; oxaliplatin; oxaunomycin;
paclitaxel; paclitaxel Analogues; paclitaxel derivatives;
palavamine; palmitoylrhizoxin; pamidronic acid; panax-
ytriol; panomifene; parabactin; pazelliptine; pegaspargase;
peldesine; pentosan polysuliate sodium; pentostatin; pentro-
zole; pertlubron; perfostamide; perillyl alcohol; phenazino-
mycin; phenylacetate; phosphatase inhibitors; picibanil; pilo-
carpine hydrochlonide; pirarubicin; piritrexim; placetin A;
placetin B; plasminogen activator ihibitor; platinum com-
plex; platinum complexes; platinum-triamine complex; por-
fimer sodium; porfiromycin; predmisone; propyl bis-acri-
done; prostaglandin J2; proteasome 1inhibitors; protein
A-based immune modulator; protein kinase C 1nhibitor; pro-
tein kinase C inhibitors, microalgal; protein tyrosine phos-
phatase 1nhibitors; purine nucleoside phosphorylase 1nhibi-
tors; purpurins; pyrazoloacridine; pyridoxylated hemoglobin
polyoxyethylene conjugate; ral antagonists; raltitrexed;
ramosetron; ras famesyl protein transierase inhibitors; ras
inhibitors; ras-GAP inhibitor; retelliptine demethylated; rhe-
nium Re 186 etidronate; rhizoxin; ribozymes; RII retinamide;
rogletimide; rohitukine; romurtide; roquimimex; rubiginone
B1; ruboxyl; safingol; saintopin; SarCNU; sarcophytol A;
sargramostim; Sdi 1 mimetics; semustine; senescence
derived 1nhibitor 1; sense oligonucleotides; signal transduc-
tion 1hibitors; signal transduction modulators; single chain
antigen binding protein; sizofiran; sobuzoxane; sodium boro-
captate; sodium phenylacetate; solverol; somatomedin bind-
ing protein; sonermin; sparfosic acid; spicamycin D; spiro-
mustine; splenopentin; spongistatin 1; squalamine; stem cell
inhibitor; stem-cell division inhibitors; stipiamide; stromel-
ysin inhibitors; sulfinosine; superactive vasoactive intestinal
peptide antagonist; suradista; suramin; swainsonine; syn-
thetic glycosaminoglycans; tallimustine; tamoxifen methio-
dide; tauromustine; tazarotene; tecogalan sodium; tegafur;
tellurapyrylium; telomerase imhibitors; temoporfin; temozo-
lomide; teniposide; tetrachlorodecaoxide; tetrazomine; thali-
blastine; thiocoraline; thrombopoietin; thrombopoietin
mimetic; thymalfasin; thymopoietin receptor agonist; thy-
motrinan; thyroid stimulating hormone; tin ethyl etiopurpu-
rin; tirapazamine; titanocene bichloride; topsentin;
toremifene; totipotent stem cell factor; translation inhibitors;
tretinoin; triacetyluridine; triciribine; trimetrexate; triptore-
lin; tropisetron; turosteride; tyrosine kinase inhibitors; tyr-
phostins; UBC 1nhibitors; ubemimex; urogenital sinus-de-
rived growth 1nhibitory factor; urokinase receptor
antagonists; vapreotide; variolin B; vector system, erythro-
cyte gene therapy; velaresol; veramine; verdins; verteporfin;
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vinorelbine; vinxaltine; vitaxin; vorozole; zanoterone; zeni-
platin; zilascorb; and zinostatin stimalamer.

In one another embodiment, the other anticancer agent 1s
interferon-a.

In another embodiment, the other anticancer agent 1s inter-
leukin-2.

In one embodiment, the other anticancer agent 1s an alky-
lating agent, such as a nitrogen mustard, a nitrosourea, an
alkylsulifonate, a triazene, or a platinum-containing agent.

In one embodiment, the other anticancer agent 1s a triazene
alkylating agent.

In a specific embodiment, the other anticancer agent 1s
temozolomide.

Temozolomide can be administered to a subject at dosages
ranging from about 60 mg/m* (of a subject’s body surface
area) to about 250 mg/m” and from about 100 mg/m~ to about
200 mg/m”. In specific embodiments, the dosages of temo-
zolomide are about 10 mg/m®, about 1 mg/m*, about 5
mg/m~, about 10 mg/m~, about 20 mg/m~, about 30 mg/m”,
about 40 mg/m*, about 50 mg/m*, about 60 mg/m=, about 70
mg/m~, about 80 mg/m~, about 90 mg/m~, about 100 mg/m”,
about 110 mg/m~, about 120 mg/m~, about 130 mg/m”~, about
140 mg/m~, about 150 mg/m>, about 160 mg/m~, about 170
mg/m”, about 180 mg/m>, about 190 mg/m®, about 200
mg/m*, about 210 mg/m>, about 220 mg/m?®, about 230
mg/m”~, about 240 mg/m”, or about 250 mg/m~.

In a particular embodiment, temozolomide 1s administered
orally.

In one embodiment, temozolomide 1s administered orally
to a subject at a dose ranging from about 150 mg/m~ to about
200 mg/m”.

In another embodiment, temozolomide 1s administered
orally to a subject once per day for five consecutive days at a
dose ranging from about 150 mg/m~ to about 200 mg/m”.

In a specific embodiment, temozolomide 1s administered
orally to a subject once per day for five consecutive days at a
dose ranging from about 150 mg/m~ to about 200 mg/m~ on
days 1-5, then again orally once per day for five consecutive
days on days 28-32 at a dose ranging from about 150 mg/m”~
to about 200 mg/m?, then again orally once per day for five
consecutive days on days 55-39 at a dose ranging from about
150 mg/m~ to about 200 mg/m”.

In a specific embodiment, the other anticancer agent 1s
procarbazine.

Procarbazine can be administered to a subject at dosages
ranging from about 50 mg/m* (of a subject’s body surface
area) to about 100 mg/m” and from about 60 mg/m~ to about
100 mg/m=. In specific embodiments, the dosages of procar-
bazine are about 10 mg/m~, about 1 mg/m>, about 5 mg/m”,
about 10 mg/m~, about 20 mg/m~, about 30 mg/m~, about 40
mg/m*, about 50 mg/m?, about 60 mg/m=, about 70 mg/m>,
about 80 mg/m>, about 90 mg/m~, about 100 mg/m>, about
110 mg/m?, about 120 mg/m~, about 130 mg/m=, about 140
mg/m , about 150 mg/m?®, about 160 mg/m>, about 170
mg/m®, about 180 mg/m>, about 190 mg/m*, about 200
mg/m~, about 210 mg/m”, about 220 mg/m>, about 230
mg/m~, about 240 mg/m>, about 250 mg/m~>, about 260
mg/m>, about 270 mg/m>, about 280 mg/m®, about 290
mg/m”, about 300 mg/m”, about 310 mg/m>, about 320
mg/m>, about 330 mg/m>, about 340 mg/m®, about 350
mg/m>, about 360 mg/m°, about 370 mg/m°>, about 380
mg/m*, about 390 mg/m*, about 400 mg/m*, about 410
mg/m>, about 420 mg/m>, about 430 mg/m°, about 440
mg/m>, about 450 mg/m>, about 460 mg/m°, about 470
mg/m*, about 480 mg/m>, about 490 mg/m*, or about 500
mg/m”.

10

15

20

25

30

35

40

45

50

55

60

65

48

In a particular embodiment, procarbazine 1s administered
intravenously.

In one embodiment, procarbazine 1s administered intrave-
nously to a subject at a dose raining from about 50 mg/m”~ to
about 100 mg/m~.

In another embodiment, procarbazine i1s admimstered
intravenously to a subject once per day for five consecutive
days at a dose ranging from about 50 mg/m-to about 100
mg/m?~.

In a specific embodiment, procarbazine 1s adminmistered
intravenously to a subject once per day for five consecutive
days at a dose ranging from about 50 mg/m?* to about 100
mg/m~ on days 1-5, then again intravenously once per day for
five consecutive days on days 28-32 at a dose ranging from
about 50 mg/m” to about 100 mg/m~, then again intrave-
nously once per day for five consecutive days on days 55-59
at a dose ranging from about 50 mg/m~ to about 100 mg/m”.

In another embodiment, procarbazine 1s administered once
intravenously to a subject at a dose ranging from about 50
mg/m” to about 100 mg/m”.

In a specific embodiment, the other anticancer agent 1s
dacarbazine.

Dacarbazine can be administered to a subject at dosages
ranging from about 60 mg/m” (of a subject’s body surface
area) to about 250 mg/m~ and from about 150 mg/m~ to about
250 mg/m*. In specific embodiments, the dosages of dacar-
bazine are about 10 mg/m~, about 1 mg/m~, about 5 mg/m”,
about 10 mg/m?, about 20 mg/m?, about 30 mg/m-~, about 40
mg/m~, about 50 mg/m>, about 60 mg/m>, about 70 mg/m”,
about 80 mg/m*, about 90 mg/m*, about 100 mg/m*, about
110 mg/m>, about 120 mg/m>, about 130 mg/m~, about 140
mg/m”, about 150 mg/m”, about 160 mg/m>, about 170
mg/m>, about 180 mg/m>, about 190 mg/m?®, about 200
mg/m>, about 210 mg/m>, about 220 mg/m°, about 230
mg/m*, about 240 mg/m*, about 250 mg/m*, about 260
mg/m>, about 270 mg/m>, about 280 mg/m°, about 290
mg/m>, about 300 mg/m>, about 310 mg/m>, about 320
mg/m>, about 330 mg/m>, about 340 mg/m°, about 350
mg/m>, about 360 mg/m>, about 370 mg/m°, about 380
mg/m?, about 390 mg/m?, about 400 mg/m?, about 410mg/
m~, about 420 mg/m~, about 430 mg/m~, about 440 mg/m”,
about 450 mg/m~, about 460 mg/m~, about 470 mg/m?, about
480 mg/m~, about 490 mg/m~, or about 500 mg/m~.

In a particular embodiment, dacarbazine 1s administered
intravenously.

In one embodiment, dacarbazine 1s administered 1ntrave-
nously to a subject at a dose ranging from about 150 mg/m~ to
about 250 mg/m”.

In another embodiment, dacarbazine 1s administered intra-
venously to a subject once per day for five consecutive days at
a dose ranging from about 150 mg/m~ to about 250 mg/m~.

In a specific embodiment, dacarbazine 1s adminmistered
intravenously to a subject once per day for five consecutive
days at a dose ranging from about 150 mg/m* to about 250
mg/m~ on days 1-5, then again intravenously once per day for
five consecutive days on days 28-32 at a dose ranging from
about 150 mg/m~ to about 250 mg/m>, then again intrave-
nously once per day for five consecutive days on days 55-59
at a dose ranging from about 150 mg/m* to about 250 mg/m”.

In one embodiment, dacarbazine 1s administered once
intravenously to a subject at a dose ranging from about 150
mg/m” to about 250 mg/m”.

In a specific embodiment, the other anticancer agent 1s
doxorubicin.

Doxorubicin can be administered to a subject at dosages
ranging from about 50 mg/m?* (of a subject’s body surface
area) to about 100 mg/m” and from about 60 mg/m~ to about
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100 mg/m~. In specific embodiments, the dosages of doxoru-
bicin are about 10 mg/m?, about 1 mg/m?, about 5 mg/m?,
about 10 mg/m”, about 20 mg/m~, about 30 mg/m~, about 40
mg/m”~, about 50 mg/m>, about 60 mg/m>, about 70 mg/m”,
about 80 mg/m~, about 90 mg/m*, about 100 mg/m*, about
110 mg/m?, about 120 mg/m>, about 130 mg/m>, about 140

mg/m?,
mg/m”,
mg/m?,
mg/m~,
mg/m~,
mg/m?,
mg/m”,
mg/m?,
mg/m”,
mg/m?,
mg/m”,

about
about
about
about
about
about
about
about
about
about
about

150
130
210
240
270
300
330
360
390
420
450

mg/m?,
mg/m”,
mg/m?,
mg/m”,
mg/m”,
mg/m?,
mg/m”,
mg/m?,
mg/m”,
mg/m?,
mg/m”,

about
about
about
about
about
about
about
about
about
about
about

160
190
220
250
280
310
340
370
400
430
460

mg/m?,
mg/m”,
mg/m?,
mg/m”,
mg/m”,
mg/m?,
mg/m”,
mg/m?,
mg/m”,
mg/m?,
mg/m”,

about
about
about
about
about
about
about
about
about
about
about

170
200
230
260
290
320
350
330
410
440
470

mg/m”, about 480 mg/m2, about 490 mg/m~, or about 500
mg/m-®.

In a particular embodiment, doxorubicin 1s administered
intravenously.

In one embodiment, doxorubicin 1s administered intrave-
nously to a subject at a dose ranging from about 50 mg/m~ to
about 100 mg/m~.

In another embodiment, doxorubicin 1s administered intra-
venously to a subject once per day for five consecutive days at
a dose ranging from about 50 mg/m? to about 100 mg/m~.

In a specific embodiment, doxorubicin 1s administered
intravenously to a subject once per day for five consecutive
days at a dose ranging from about 50 mg/m* to about 100
mg/m”~ on days 1-5, then again intravenously once per day for
five consecutive days on days 28-32 at a dose ranging from
about 50 mg/m” to about 100 mg/m~, then again intrave-
nously once per day for five consecutive days on days 55-59
at a dose ranging from about 50 mg/m~ to about 100 mg/m~.

In another embodiment, doxorubicin 1s administered once
intravenously to a subject at a dose ranging from about 50
mg/m” to about 100 mg/m”.

In one embodiment, the other anticancer agent 1s a Topoi-
somerase | ihibitor, such as etoposide, temiposide, topote-
can, 1rinotecan, 9-aminocamptothecin, camptothecin, or cri-
snatol.

In a specific embodiment, the other anticancer agent 1s
irinotecan.

Irinotecan can be administered to a subject at dosages
ranging from about 50 mg/m* (of a subject’s body surface
area) to about 150 mg/m” and from about 75 mg/m~ to about
150 mg/m=. In specific embodiments, the dosages of irinote-
can are about 10 mg/m>, about 1 mg/m>, about 5 mg/m~,
about 10 mg/m~, about 20 mg/m~, about 30 mg/m~, about 40
mg/m*, about 50 mg/m?, about 60 mg/m=, about 70 mg/m>,
about 80 mg/m>, about 90 mg/m~, about 100 mg/m>, about
110 mg/m?, about 120 mg/m~, about 130 mg/m=, about 140
mg/m”, about 150 mg/m>, about 160 mg/m®, about 170

mg/m?,
mg/m”,
mg/m”,
mg/m?,
mg/m”,
mg/m?,
mg/m”,
mg/m?,
mg/m~,
mg/m~,

about
about
about
about
about
about
about
about
about
about

130
210
240
270
300
330
360
390
420
450

mg/m?,
mg/m”,
mg/m”,
mg/m?,
mg/m”,
mg/m?,
mg/m”,
mg/m?,
mg/m”,
mg/m”,

about
about
about
about
about
about
about
about
about
about

190
220
250
280
310
340
370
400
430
460

mg/m?,
mg/m”,
mg/m”,
mg/m?,
mg/m”,
mg/m?,
mg/m”,
mg/m?,
mg/m”,
mg/m”,

about
about
about
about
about
about
about
about
about
about

200
230
260
290
320
350
330
410
440
470

mg/m*, about 480 mg/m>, about 490 mg/m*, or about 500

mg/m”.
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In a particular embodiment, irinotecan 1s administered
intravenously.

In one embodiment, irinotecan 1s administered intrave-
nously to a subject at a dose ranging from about 50 mg/m”~ to
about 150 mg/m~.

In another embodiment, 1rinotecan 1s administered 1ntra-
venously to a subject once per day for five consecutive days at
a dose ranging from about 50 mg/m~ to about 150 mg/m”~.

In a specific embodiment, irinotecan 1s administered intra-
venously to a subject once per day for five consecutive days at
a dose ranging from about 50 mg/m~ to about 150 mg/m~ on
days 1-5, then again intravenously once per day for five
consecutive days on days 28-32 at a dose ranging from about
50 mg/m? to about 150 mg/m~, then again intravenously once
per day for five consecutive days on days 55-59 at a dose
ranging from about 50 mg/m* to about 150 mg/m”~.

In one embodiment, the other anticancer agent 1s O-6-
benzylguanine.

In another embodiment, the other anticancer agent 1s O-6-
benzylguamine and temozolomide.

In another embodiment, the other anticancer agent 1s O-6-
benzylguamine and procarbazine.

In still another embodiment, the other anticancer agent 1s
O-6-benzylguanine and dacarbazine.

5.5.1 Multi-therapy for Cancer

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
can be administered to a subject that has undergone, 1s cur-
rently undergoing, or 1s about to undergo one or more addi-
tional anticancer treatments including, but not limited to,
surgery, radiation therapy, or immunotherapy, such as admin-
istration of a cancer vaccine.

The present methods for treating cancer can further com-
prise administering surgery, radiation therapy, or immuno-
therapy.

In one embodiment, the anticancer treatment 1s immuno-
therapy.

In one embodiment, the immunotherapy 1s a cancer vac-
cine.

In one embodiment, the anticancer treatment 1s radiation
therapy.

In another embodiment, the anticancer treatment 1s sur-
gery.

In a specific embodiment, an N-Benzyl-Substituted
Pyridyl Porphyrin Compound 1s administered concurrently
with radiation therapy. In another specific embodiment, the
additional anticancer treatment 1s administered prior or sub-
sequent to the admimstration of the N-Benzyl-Substituted
Pyridyl Porphyrin Compound, 1n one embodiment at least an
hour, five hours, 12 hours, a day, a week, a month, or several
months (e.g., up to three months), prior or subsequent to
administration of the N-Benzyl-Substituted Pyridyl Porphy-
rin Compounds.

When the additional anticancer treatment i1s radiation
therapy, any radiation therapy protocol can be used depend-
ing upon the type of cancer to be treated or prevented. For
example, but not by way of limitation, X-ray radiation can be
administered; in particular, high-energy megavoltage (radia-
tion of greater that 1 MeV energy) can be used for deep
tumors, and electron beam and orthovoltage X-ray radiation
can be used for skin cancers. Gamma-ray emitting radioiso-
topes, such as radioactive 1sotopes of radium, cobalt and other
elements, can also be administered.

Additionally, the invention provides methods of treatment
of cancer using the N-Benzyl-Substituted Pyridyl Porphyrin
Compounds as an alternative to chemotherapy or radiation
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therapy where the chemotherapy or the radiation therapy
results 1n negative side effects in the subject being treated.
The subject being treated can, optionally, be treated with
another anticancer treatment modality such as surgery, radia-
tion therapy, or immunotherapy.

The N-Benzyl-Substituted Pyridyl Porphyrin Compounds
can also be used 1n vitro or ex vivo, such as for the treatment
of certain cancers, including, but not limited to leukemias and
lymphomas, such treatment involving autologous stem cell
transplants. This can involve a process in which the subject’s
autologous hematopoietic stem cells are harvested and
purged of all cancer cells, the subject’s remaining bone-mar-
row cell population 1s then eradicated via the administration
of an N-Benzyl-Substituted Pyridyl Porphyrin Compound
and/or radiation therapy, and the stem cell grait 1s infused
back into the subject.

An N-Benzyl-Substituted Pyridyl Porphyrin Compound
and the other therapeutic agent can act additively or, in one
embodiment synergistically. In one embodiment an N-Ben-
zyl-Substituted Pyridyl Porphyrin Compound 1s adminis-
tered concurrently with another therapeutic agent. In one
embodiment a composition comprising an effective amount
of an N-Benzyl-Substituted Pyridyl Porphyrin Compound
and an effective amount of another therapeutic agent can be
administered. Alternatively, a composition comprising an
elfective amount of an N-Benzyl-Substituted Pyridyl Porphy-
rin Compound and a different composition comprising an
elfective amount of another therapeutic agent can be concur-
rently admimistered. In another embodiment, an effective
amount of an N-Benzyl-Substituted Pyridyl Porphyrin Com-
pound 1s admimstered prior or subsequent to administration
of an effective amount of another therapeutic agent. In this
embodiment the N-Benzyl-Substituted Pyridyl Porphyrin
Compound 1s adminmistered while the other therapeutic agent
exerts 1ts therapeutic etfiect, or the other therapeutic agent 1s
administered while the N-Benzyl-Substituted Pyridyl Por-
phyrin Compound exerts 1ts preventative or therapeutic effect
for treating or preventing a Condition or for prolonging the
half-life of an oxidation-prone compound.

A composition of the mvention can be prepared by a
method comprising admixing an N-Benzyl-Substituted
Pyridyl Porphyrin Compound and a physiologically accept-
able carrier or vehicle. Admixing can be accomplished using
methods well known for admixing a compound and a physi-
ologically acceptable carrier or vehicle. In one embodiment
the N-Benzyl-Substituted Pyridyl Porphyrin Compound 1s
present 1n the composition 1n an elffective amount.

5.6 Kits

The mmvention encompasses kits that can simplify the
administration of an N-Benzyl-Substituted Pyridyl Porphyrin
Compound to a subject.

A typical kat of the invention comprises a unit dosage form
of an N-Benzyl-Substituted Pyridyl Porphyrin Compound. In
one embodiment the unit dosage form 1s within a container,
which can be sterile, containing an effective amount of an
N-Benzyl-Substituted Pyridyl Porphyrin Compound and a
physiologically acceptable carrier or vehicle. The kit can
turther comprise a label or printed instructions nstructing the
use of the N-Benzyl-Substituted Pyridyl Porphyrin Com-
pound to treat or prevent a Condition or to prolong the hali-
life of an oxidation-prone compound. The kit can also further
comprise a unit dosage form of another therapeutic agent, for
example, a container containing an effective amount of the
other therapeutic agent. In one embodiment the kit comprises
a container containing an effective amount of an N-Benzyl-
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Substituted Pyridyl Porphyrin Compound and an effective
amount of another therapeutic agent. Examples of other
therapeutic agents include, but are not limited to, those listed
above.

Kits of the invention can further comprise a device that 1s
uselul for administering the unit dosage forms. Examples of
such a device include, but are not limited to, a syringe, a drip
bag, a patch, an inhaler, and an enema bag.

The following examples are set forth to assist 1 under-
standing the invention and should not, of course, be construed
as specifically limiting the invention described and claimed
herein.

6. EXAMPLES

(General Methods

Proton NMR spectra were obtained using a Varian 300
MHz spectrophotometer and chemical shift values () are
reported 1n parts per million (ppm). TLC was performed
using TLC plates precoated with silica gel 60 F-254. Inter-
mediates and final compounds were characterized on the

basis of 'H NMR and MS data, HPL.C, and/or elemental
analysis.

6.1 Example 1

Synthesis of Compound 1

= 74
] )
N /\ =
|
S N\\\
N
T— o N
—
LN =L
V4 e

A 50 L three-neck reaction flask contaiming propionic acid
(30 L) was equipped with two addition funnels and a reflux
condenser. One addition funnel was charged with a solution
of pyrrole (417 mL, 6.0 mol) 1n toluene (583 mL), and the
second addition funnel was charged with a solution of 2-py-
ridinecarboxaldehyde (568 mL, 6.0 mol) in toluene (432 mL).
The propionic acid was heated to reflux and then the contents
of the addition funnels were added simultaneously at approxi-
mately equal rates-over 2 hours, with vigorous stirring to the
refluxing propionic acid. The resultant dark red-brown reac-
tion mixture was heated at reflux for 1 hour, then the heat
source was removed and the reaction mixture was allowed to
stir for about 18 hours at room temperature. The resultant
black solution was filtered through #1 filter paper and con-
centrated 1n vacuo to provide a black oily residue. The black
o1ly residue was diluted with toluene (5 L) and the resultant
solution was stirred for 1 minute, then concentrated 1n vacuo.
This dilution/concentration was repeated three times and the
resultant black solid residue was diluted with ethyl acetate (5
L) and the resultant solution was stirred at room temperature
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for about 18 hours. The resultant solution was filtered through
#1 filter paper, the collected solids were diluted with dichlo-
romethane (2 L) and the resultant solution was purified using,
flash column chromatography on silica gel (10 kg) using
dichloromethane: triethylamine (98:2 vol:vol) as eluent. The
relevant fractions were combined and concentrated 1n vacuo,
and the resultant black granular solid was diluted with 10%
aqueous ammonium hydroxide (2 L), and the resultant sus-
pension was stirred vigorously for 2 hours. The resultant
suspension was liltered through #1 filter paper, and the col-
lected black solids were washed with deionized water (4x1
L). The washed-solids were then suspended 1n ethyl acetate (2
L), and the resultant solution was stirred for 1 hour then
filtered through #1 filter paper. The collected eggplant-col-
ored granular solid was diluted with 1,2-dichloroethane (1 L)
and the resultant solution was stirred for 2 hours, then filtered
through #1 filter paper. The collected solids were washed with

1,2-dichloroethane (4x200 mL), then dried in vacuo over-
night to provide Compound 1 as a brilliant deep metallic

purple solid. Yield=64.26 2 (7%). R~0.56 (s1lica, 9:1 dichlo-
romethane: 7 N ammonia 1n methanol) "H NMR (CDCl,) &
9.14 (d, J=3.9 Hz, 4H), 8.87 (S, 8H), 8.21 (d, J=7.5 Hz, 4H),
8.10 (dt, J,=1.8 Hz, 1,=7.8 Hz, 4H), 7.71 (dd, J,=5.1 Hz,
J,=7.5 Hz, 4H); *C NMR (CDCl,) 8 160.7, 148.8, 134.9,
132.2, 130.6, 122.6, 122.6, 119.0; mass spectrum (“MS”)
m/z=619 (M+H).

6.2 Example 2
Synthesis of Compound 2
2
— / . V4 \
Ao -
|
BDETaE:
7 1NN\
N
- == B = / N\
\ a —

Ferric chlonide (14.3 g; 88.89 mmol) was added to a sus-
pension of Compound 1 (50.0 g, 80.39 mmol) 1n 1 N hydro-
chloric acid (245 mL, 3 eq.) and the resultant reaction mixture
was heated to reflux and stirred for about 18 hours. The
resultant dark brown reaction mixture was cooled to room
temperature and basified using SN sodium hydroxide (160
ml.). The resultant precipitate was vacuum filtered through
Whatman #50 filter paper and washed sequentially with
deiomized water (4x1.5 L) and diethyl ether (1.5 L). The
resultant purple-black solid was subsequently dried 1n vacuo
for 3 days at 100° C., then dissolved 1n dichloromethane (200
ml.) and vacuum f{iltered through a one-inch pad of Celite.
The Celite cake was washed with a solution of 9:1 (vol:vol)
dichloromethane: methanol until the filtrate was nearly col-
orless. The filtrate was then concentrated 1n vacuo to provide
Compound 2 as 1its monohydrate and as a purple-black irides-

cent powdered solid. Yield=25.74g (47%). MS m/z=672
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(M+). Anal. Calc. for C,,H,-FeN,0,:67.91% C, 3.82% H,
7.90% Fe, 15.85% N, 4.53% O. Found: 67.84% C, 3.63% H,

7.70% Fe, 15.92% N.

6.3 Example 3

Synthesis of Compound 3
3
— / . J \
\N /\ =
|
‘ y N Fe . G\\ ‘ H,0O
N

— == B = / N\
L _—

Compound 1 (200.0 g) was suspended 1n 3.2 L of acetic
acid and 800 mL of deionized water, and 253.3 g (2.0 eq.) of
ferrous ammonium sulfate hexahydrate were added. Air was
bubbled slowly through the reaction mixture, which was then
refluxed overnight. The hot reaction mixture was transierred
to a rotary evaporator, and the solvent was removed 1n vacuo.
Theresultant solids were suspended with vigorous stirring for
3 hours 1n 4 L o1 10% ammonium hydroxide, vacuum filtered
through #50 paper, and washed four times with 1 L portions of
deionized water. The slightly damp solids were stirred for 1
hour 1n 24 L ethanol and vacuum filtered through 500 g celite
in a medium fritted funnel. The filtrate was transierred to the
rotary evaporator and concentrated in vacuo. The resultant
solids were dried under vacuum at 40° C. for 1 day to provide
164.0 g (68%) of Compound 3 as 1ts monohydrate and as a
deep-purple solid. MS m/z=672 (M™).

6.4 Example 4
Synthesis of Compound 4
4
s / . V4 \
\N /\ =
[
‘ N Mn N/ ‘ H,0
/ \OAG\
N
-~ == B = / N\
e _—

Compound 1 (1.00 g) was suspended 1n 10 mL of acetic
acid, and 440 mg (1.01 eq.) of manganese (I11) acetate dihy-
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drate was added. The reaction mixture was refluxed over-
night, and cooled to room temperature. The solvent was trans-
ferred to an evaporator flask and removed i1n vacuo.
Ammonium hydroxide (30% aqueous, 20 mL) was added to
the evaporator tlask and subsequently removed 1n vacuo. The
resultant solids were twice dissolved 1n methanol (20 mL),
which was subsequently evaporated. The resultant black solid
was dissolved 1n 50 mL of dichloromethane and vacuum
filtered through a 3 c¢cm thick bed of celite. The filtrate was
concentrated in vacuo and the resultant solid was dried over-

night to provide 1.28 g (95%) of Compound 4 as 1ts mono-
hydrate and as a metallic black solid. MS m/z=671 (M™).

6.5 Example 5

Synthesis of Compound 3
S
O
‘ X Cl
Br\/ /

To 10 g of 4-bromomethylbenzoic acid 1n a 100 mL round
bottom tlask under a nitrogen atmosphere was added 25 mL
of thionyl chloride at room temperature. The stirred suspen-
sion was refluxed for 4.5 h, and the solvent removed 1n vacuo.
Theresultant o1l was twice dissolved 1n 50 mL toluene and the
solvent removed 1n vacuo. Residual solvent was removed 1n
vacuo to provide 10.92 g (100%) of Compound 5 as an off
white solid.

6.6 Example 6

Synthesis of Compound 6
O OH ;
0 j/ /\‘
X N
H
Br\/‘ P

To a stirred suspension of 3.54 g L-phenylalanine in 2.74
mL (1.1 eq.), 2,6-lutidine and 21 mL N-methyl pyrrolidinone
at 50° C. was added 5.00 g (1.0 eq.) of Compound 3. The
suspension was stirred at 50° C. under a nitrogen atmosphere
for 18 h, poured into 100 mL of rapidly stirred 1 N HCI, and
extracted with 200 mL ethyl acetate. The resultant organic
phase was washed with 100 mL each of 1 N HCI, water, and
brine, dried over anhydrous MgSO,, and concentrated in
vacuo. The resultant gum was dissolved 1n 100 mL 3% acetic
acid 1n dichloromethane and purified using flash chromatog-
raphy on 300 g S10,. The column was eluted with 2 L each 5%
acetic acid 1n dichloromethane, 1% acetic acid 1n 7:3 dichlo-
romethane:ethyl acetate, and finally 1% acetic acid 1n ethyl
acetate. 60 mL fractions were collected. Impurities eluted 1n
5% acetic acid in dichloromethane and Compound 6 eluted
on addition of ethyl acetate. Compound 6-containing frac-
tions were combined and the solvent was removed 1n vacuo to
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provide a yellow oil. The resultant o1l was twice suspended 1n
100 mL volumes of toluene and concentrated in vacuo to
remove acetic acid. The resultant solid was crystallized from
cthyl acetate/toluene at —20° C. The crystals were vacuum
filtered, washed with room temperature toluene, and dried 1n
vacuo for 18 h. The filtrate was concentrated in vacuo and a
second crop of crystals was collected. Crop 1 yielded 1.14 g
of white crystals, crop 2 yielded 0.868 g (26% overall) of
Compound 6.

6.7 Example 7

Synthesis of Compound 7

Br\/

L-tyro sine methyl ester hydrochloride (4.96 g, 21.4 mmol)
was suspended, with stirring, in 21 mL of dichloromethane
and 5.2 mL (2.1 eq.) of 2,6-lutidine under nitrogen atmo-
sphere. The suspension was cooled to 0° C. and Compound 3
(5.00 g, 21.4 mmol) was added. The suspension was allowed
to warm to ambient temperature and stir for 18 h. The sus-
pension was poured mto 100 mL. 1 N HCI and shaken 1n a
separatory funnel. The resultant phases were separated and
the aqueous phase twice extracted with 100 mL volumes of
cthyl acetate. The combined dichloromethane and ethyl
acetate organic phases were dried over anhydrous MgSQO,,
filtered, and concentrated in vacuo to provide 7.22 g (86%) of
Compound 7 as an off-white solid.

6.8 Example 8

Synthesis of Compound 8

O
O
N
H
Br\-/@/i

Compound 7 (7.20 g, 18.4 mmol) was suspended by stir-
ring in 92 mL methanol. Sodium hydroxide (1 N aqueous, 55
ml.)was added and the suspension stirred for 1.5 h, becoming
a solution. Concentrated hydrochloric acid (4.6 mL, 3.0 eq.)
was added and the methanol was removed 1n vacuo to provide
a concentrated aqueous suspension of a red-white solid. The
suspension was cooled on an ice bath for 15 min., then

vacuum fhltered. The resultant solids were washed with 100
ml. 1 N HCl followed by 100 mL de-1onized water, then dried

in vacuo at 40° C. for 18 h to vield 6.28 g (90%) of
Compound 8.

OH

AN
SN
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6.9 Example 9

Synthesis of Compounds 9-16

Compound 9

O
OH
Br\/ / O

Compound 10

O O
\ N /\/\)I\OH
‘ 8|
Br \/ /
Compound 11
O OH
0 j/
CO,H
AN N Yty 7
‘ H
Br\/ /

Compound 12

O OH
0 j/
‘ \ E ""’H;/\ CO-H

Br\/ /
Compound 13
O OH
0 j/
AN N
‘ H
BI‘\/ /

Compound 14
O O
)I\ N/\)J\OH
H

Compound 15

/

Br

\

O OH
0 j/
Me
/\)‘\ N iy,
H

Me

Br\/

N
O OH
0 j/
X N ‘ﬁ""ff/\ﬂ/
‘ H
Br\/ Q/u\ O

Compounds 9, 10, 11, 12, and 16 were synthesized follow-
ing the procedure of Example 6, and Compounds 11, 13, 14,
and 15 were synthesized following the procedure of
Examples 7 and 8, by using y-aminobutyric acid (Compound
9), S-aminovaleric acid (Compound 10), L-aspartic acid

Compound 16

NH,
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methyl ester HCI (Compound 11), L-glutamic acid (Com-
pound 12), glycine ethyl ester HCI (Compound 13), 3-alanine
methyl ester HC1 (Compound 14), L-valine methyl ester HCI
(Compound 15), and L-glutamine (Compound 16), respec-
tively, in place of L-phenylalanine or L-tyrosine methyl ester
HCI.

6.10 Example 10

Synthesis of Compound 17

17
O

‘/\)J\OH

A

\Br

Inal L round bottom flask fitted with a reflux condenser,
a stirred suspension of 10.00 g m-toluic acid and 14.37 g (1.1
eqd.) N-bromosuccinimide in 735 mL chloroform was sparged
for 0.5 h with nitrogen. The sparging was discontinued and
the stirred suspension was irradiated under a nitrogen atmo-
sphere using a S00 W quartz halogen lamp at 75% power,
causing the solids to dissolve and the reaction to retlux. The
red color of the reaction became clear after 1.25 h, and
another 14.37 gof N-bromosuccinimide was added. The reac-
tion mixture was stirred and 1rradiated under nitrogen atmo-
sphere with a 500 W quartz halogen lamp at 75% power for
another 1.5 h, at which time the solution was clear. The
solvent volume was reduced 1n vacuo to about 100 mlL, and
then the solution was cooled to —20° C., forming crystals. The
resultant suspension was vacuum filtered through a bed ot dry
silica, which was then eluted with 800 mL of chloroform. The
chloroform filtrate volume was reduced 1n vacuo to about 100
ml., and then the chloroform was cooled to -20° C., forming
crystals. The crystals were vacuum filtered and washed with
30 mL chloroformn and S0 ml. hexanes, then dissolved 1n 250
ml. chloroform and washed in a separatory funnel with 3x300
ml volumes of water, followed by one 300 mL volume of
brine to remove traces of succinimide. The organic phase was
dried over magnesium sulfate, vacuum filtered and concen-
trated 1n vacuo to provide 9.56 g (61%) of Compound 17 as a
white crystalline power.

6.11 Example 11

Synthesis of Compound 18

18
O

‘/\)J\a

X
/
Br
Compound 17 (10 g, 46.5 mmol) was suspended in 25 mL
of SOCI],. The suspension was heated to reflux under N, and

the suspension became a clear pale yellow solution. After 4.5
h of reflux the reaction mixture was cooled and the excess
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reagent was removed i vacuo. Traces of thionyl chloride
were removed by performing two iterations of diluting the
residue with 50 mL toluene and removing the toluene in
vacuo. The pale yellow o1l was dried under vacuum to provide
10.8 g (quantitative yield) of Compound 18 as a pale yellow
o1l that solidified on standing.

6.12 Example 12

Synthesis of Compound 19

19
O

)J\E/\COZEt

)

—

Br

A solution of glycine ethyl ester HCI (2.98 g, 21.4 mmol)
and 2,6-lutidine (5.71 mL, 2.3 eq) 1n 21 mL of dry methylene
chloride was cooled in an 1ce/water bath under N,. Com-
pound 18 (5 g, 21.4 mmol) was added and the solution was
allowed to warm to room temperature overnight with stirring.
The reaction mixture was poured mto 100 mL 1N HCI. The
resultant aqueous solution was extracted with 2x150 mL
cthyl acetate, and the combined organic phases were dried

over MgSQO,, filtered and concentrated 1n vacuo to provide 5.9
g (92% vield) of Compound 19.

6.13 Example 13

Synthesis of Compounds 20-23 and 25

Compound 20
O OMe
0 j/
/\)LN "fff C
‘ H
P Me
Br
Compound 21
O OM OH
LT LT
X N X
‘ H
\ =~
Br/
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-continued
Compound 22
O
OMe
A
‘ H
F 0
Br/
Compound 23
O
OFEt
\ )J\N
‘ H
F 0
Br/
Compound 25
O O
A N/\)J\OMe
H
/
Br/

Following the procedure of Example 12, Compounds
20-23 were prepared by substituting glycine ethyl ester with
L-valine methyl ester HCI, L-tyrosine methyl ester HCI,
methyl 6-amino hexanoate HCI, and ethyl 4-amino butyrate
HCI, respectively, with yields >90%.

Compound 25 was prepared following the procedure of
Example 12 by substituting glycine ethyl ester HCl with
3-alanine methyl ester.

6.14 Example 14

Synthesis of Compound 26

26
O

/\)J\E/\COZH

X
P
Br

Compound 19 (5.9 g, 19.7 mmol) was dissolved 1n 90 mL
EtOH, and 27.6 mL (1.4 eq) 1N NaOH (aq) was added 1n a
steady stream at room temperature. After 10 min, the EtOH
was removed 1in vacuo and the resultant solution was acidified
with 1IN HCI (aq). A heavy white precipitate was observed
and the mixture was cooled in an 1ce/water bath to promote
turther solid formation. The solid was collected using vacuum
filtration and dried 1n a vacuum oven at 40° C. overnight to
provide 2.7 g of Compound 26. A second crop of solid was
obtained by concentrating the filtrate to approximately half
volume and cooling the solution in an 1ce/water bath. Upon
vacuum {iltration and drying, an additional 1.1 g of Com-
pound 26 was obtained to provide a total yield of 71%.
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6.15 Example 15

Synthesis of Compounds 27-30 and 32

Compound 27
O OH
O j/
‘/\)J\E ""’f;ere
\ / Me
Br/
Compound 28
O OH OH
LT T
‘/\)kN N
H
\ /
Br/
Compound 29
O

/

\

Br

o Compound 30
‘/\ )J\TI:II /\/\I.(OH
NF ?
Br/
o o Compound 32
‘/\ )LE/\)J\OH
NF
Br/

Following the procedure of Example 14, Compounds
2'7-30 and 32 were prepared from Compounds 20-23 and 25,
respectively.
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6.16 Example 16

Synthesis of Compound 33

$de
/\ )I\N ety e
H
F

33

Br

L-phenylalanine (3.54 g, 21.4 mmol), DMAP (0.5 g, 0.2
mmol) and 2,6-lutidine (2.73 mL, 1.1 eq) were suspended 1n
21 mL of anhydrous NMP and warmed to 50° C. Compound
18 was added at 50° C., providing a clear yellow solution.
Stirring was continued overnight under N,, which provided
an orange reaction mixture having a white precipitate. The
reaction mixture was poured mmto 100 mL. 1N HCl(aq) and
extracted with 250 mL ethyl acetate. The organic layer was
washed with water and then brine. The organic layer was
concentrated 1n vacuo to provide an orange oil. The o1l was
dissolved in 5% acetic acid/dichloromethane and loaded onto
300 g of silica gel packed 1n the same solvent. The column
was eluted with 800 mL 5% acetic acid/methylene chloride,
200 mL 70:30 methylene chlornde:ethyl acetate with 1% ace-
tic acid, and 2x300 mL 1% acetic acid/ethyl acetate. The final
two fractions contained Compound 33. Upon concentration
and drying, 4.4 g (57% yield) Compound 33 was 1solated as a
white foam.

6.17 Example 17

Synthesis of Compound 34

‘/\)J\OH

e

Br

34

A stirred suspension of 10.00 g o-toluic acid and 19.56 g
(1.5 eq.) N-bromosuccinimide i 735 mL chloroform was
sparged for 0.5 h with mitrogen in a 1 L round bottom flask
fitted with a reflux condenser. The sparging was discontinued
and the stirred suspension was irradiated under a nitrogen
atmosphere using a 500 W quartz halogen lamp at 75%
power, causing the solids to dissolve and the reaction to
reflux. The red color of the reaction disappeared after 1.5 h,
and another 6.52 g (0.5 eq.) of N-bromosuccinimide was
added. The reaction mixture was stirred and irradiated under
nitrogen atmosphere using a 500 W quartz halogen lamp at
715% power for another 1.5 h, at which time the solution was
clear. The solvent volume was reduced in vacuo to about 100
ml., and then cooled to —20° C. The resultant suspension was
vacuum filtered through a 1 cm bed of dry silicain a 150 mL
tritted funnel. The silica was eluted with 2.5 L of chloroform.
The chloroform filtrate was reduced 1n vacuo to about 1 LL and
washed 1n a separatory funnel with 3x1 L volumes of water
followed by one 1 L volume of brine to remove traces of
succinimide, then dried over magnesium sulfate and vacuum
filtered. The chloroform was concentrated 1n vacuo to 250 mL
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at reflux at 1 atmosphere and cooled at —20° C. for 3 days. The
resultant crystals were vacuum filtered and washed with 30
mL chloroform followed by 50 mL hexanes, then placed 1n a
vacuum oven at room temperature and full dynamic vacuum

overnight. This provided 8.48 g (34%) of Compound 34 as a 5
white crystalline power.

6.18 Example 18

Synthesis of Compound 35 -

35

/

Cl 5

\

Br
20

Following the procedure of Example 11, Compound 34

was converted to 1ts corresponding acid chloride, Compound
35.

6.19 Example 19 75

Synthesis of Compound 36

36
O
O 0O 30

\\S// /\)J\
‘ \/ \E OM

Br /

35

13- Alanine methyl ester HCI salt (1.79 g, 12.8 mmol) was
suspended, with stirring, 1n 13 mL of dichloromethane and
3.1 mL (2.1 eq.) of 2,6-lutidine under nitrogen atmosphere.
4-bromomethylbenzenesulionyl chlonde (3.45 g, 1.0 eq.)
was added. The suspension was stirred for 18 h, poured 1nto
100 mL 1 N HCI, and extracted twice with 50 mL volumes of
chloroform. The organic phases were dried over anhydrous

MgSQO,, filtered, and the solvent removed 1n vacuo to provide
3.74 g (87%) of Compound 36 as a clear oil.

40

45
6.20 Example 20

Synthesis of Compound 37

Y \
‘/\/st OH
H

Br\/\/ >3

37 50

Compound 36 (3.66 g, 10.9 mmol) was dissolved by stir-
ring in 54 mL methanol. Sodium hydroxide (1 N aqueous, 33
ml., 3 eq.) was added and the resultant suspension was stirred 60
for 45 min. Hydrochloric acid (1 N aqueous, 40 mL) was
added and the methanol was removed 1n vacuo to provide a
concentrated aqueous suspension of a white solid. The sus-
pension was cooled on an 1ce bath for 15 min., then vacuum
filtered. The resultant solids were washed with 100 mL de- 65
ionized water, then dried 1n vacuo at 40° C. for 18 h to yield
2.61 g (74%) of Compound 37.
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6.21 Example 21

Synthesis of Compounds 38-39

Compound 38
O\\S//O OH
~
Br\/ s O
o o Compound 39
\V/

N S\N /\H/OH
‘ 0
Br\/ / O

Compounds 38-39 were synthesized following the proce-
dure of Examples 19-20 by substituting 3-alanine methyl
ester HCI salt with methyl 6-aminohexanoate and glycine

cthyl ester HCI, respectively.
6.22 Example 22

Synthesis of Compound 40

40
0O O

\/
NN

\
NF

\Br

A 1L round bottom flask was charged with 860 mL ben-
zene, 24.50 g (128.5 mmol) m-toluenesulfonyl chlonde, and
25.16 g (1.1 eq.) of N-bromo succimimide. The reaction was
stirred under nitrogen and 1rradiated with a 500-watt quartz
halogen lamp set at 60% of total power, which heated the
reaction to reflux. After 6 h, additional N-bromo succinimide
(4.57 g, 0.2 eq.) was added and the reaction mixture was
irradiated at reflux for a further 6.5 h. Irradiation was discon-
tinued and the reaction mixture was cooled on an ice bath for
1 h, causing a copious precipitate to form. The precipitate was
vacuum f{iltered and washed with 100 mL toluene. The filtrate
was washed three times with 600 ml. volumes ol water,
followed by 600 mL of brine, and dried over 30 g anhydrous
MgSQO, and 23 g S10,. The resultant slurry was then vacuum
filtered through a 2 ¢cm thick bed of dry S10, 1n a 150 mL
medium fritted funnel. The filtered solids were washed 1n the
funnel with 200 mL toluene, and the filtrate was concentrated
in vacuo to provide 35.8 g of Compound 40 as a brown o1l
with white crystals. This was used 1n subsequent synthesis
without further purification.

6.23 Example 23

Synthesis of Compound 41

41

0\\8 //o
e \N/\COEEt

‘ 8

T

T
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A suspension of glycine ethyl ester HCI (1.55 g, 11.1

mmol) and 2,6-lutidine (2.96 mL, 2.3 eq) in 12 mL methylene
chloride was cooled 1n an 1ce/water bath. 3 Compound 40 (5
g, 11.1 mmol ~60% pure) was added to the reaction mixture,
and the resultant dark brown solution was stirred and allowed
to warm to room temperature overnight. TLC showed the
presence of starting material, and an additional 0.75 g (5.37
mmol) of glycine ethyl ester HCl was added. The reaction was
stirred for an additional 2 h. The reaction mixture was poured
into 50 mLL 1IN HCI, and the resultant organic layer was
washed with water and brine. Concentration of the organic
layer 1n vacuo provided 5.6 g of a brown/orange o1l. The o1l
was purified on 160 g silica. Less polar impurities were eluted
with methylene chlornide and Compound 41 was eluted with

cthyl acetate. Concentration of the fractions containing Com-

pound 41 provided 3.46 g of a dark brown oil. Its 'H NMR

showed Compound 41 as well as ~25% of the di-bromo amide

impurity. The mixture was used 1n subsequent reactions with-
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6.24 Example 24

Synthesis of Compound 42
42

S
s Ve \g/\cozH

N

\Br

Compound 41 (1.67 g, 4.96 mmol) was dissolved in 25 mL
cthanol and 7.5 mL (1.5 eq) 1IN NaOH(aq) was added 1n a
steady stream. After stirring at room temperature overnight,
an additional 3 mL 1N NaOH (aq) was added. Stirring con-
tinued for 2 h. The reaction mixture was concentrated in
vacuo to remove ethanol, and the resultant aqueous solution
was washed with 50 mL EtOAc. The resultant aqueous layer
was acidified with 1N HCI (aq) and concentrated. The result-
ant concentrate was extracted into ethyl acetate, and the
organic phases were washed with brine. The organic layers
were concentrated 1n vacuo to provide a brown oil, which was
triturated with toluene to provide atan solid (0.903 g). The tan
solid contained Compound 42 as well as ~25% of a di-bromo
impurity. The mixture was used 1n subsequent reactions with-
out further punification.

6.25 Example 25

out further punification. Synthesis of Compound 133
Compound 133
O
HO
HN //O
\SZO
O
\/
S O
/ 4>_
NH OH
O:<7 — HN
OH S/
\_7 7\

OH




US 7,642,250 B2

67

Compound 3 monohydrate (0.200 g, 0.267 mmol), Com-
pound 39 (1.72 g, 20 eq.), and N-methyl pyrrolidinone (2 mL)
were combined and stirred at 120° C. under nitrogen for 6 hrs.
The reaction mixture was cooled to room temperature and 50
ml. dichloromethane was added. The reaction mixture was
stirred overnight at room temperature under nitrogen and then

vacuum filtered through a 1 c¢cm bed of celite 1n a 30 mL
medium fritted funnel. The filtered solids were washed with

HO

OH

100 mL chloroform and the top layer of celite containing

black adsorbed material was transterred to a 150 mL beaker.
Chloroform (100 mL) was added to the beaker. The resultant
suspension was stirred at retlux for 15 minutes, then vacuum
filtered hot through a medium ftitted funnel. The filtered
solids were returned to the beaker and the extraction was
repeated. The filtered solids were then eluted 1n the iritted
tfunnel with methanol until the filtrate and celite were nearly
colorless. Combined filtrate was concentrated on a rotary
evaporator and residual solvent was removed 1n vacuo for 18
hrs. The resultant black solid was dissolved 1n 50 mL of 4:1
water:methanol and purified via chromatography using 9.5 g
of MCI-gel divinylbenzene polymeric resin packed in water
in a 1 cm diameter column. The column was eluted with 200
ml. each 4:1 water:methanol, 3:2 water:methanol, and 2:3
water:methanol. 30 mL fractions were collected and analyzed
using HPLC. Fractions containing compounds of similar
retention time were pooled together and analyzed using mass
spectroscopy. The pooled fractions contained Compound

08

133. Fractions containing Compound 133 can be further puri-
fied using preparative HPLC to generate and isolate Com-
pound 148 and 1ts individual 1somers, following the proce-
dure of Example 26.2.

5
6.26 Example 26
6.26.1 Synthesis of Compound 107
Compound 107
O
X
Z

50
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4 Br-

Compound 3 monohydrate (0.200 g, 0.267 mmol), Com-
pound 13 (1.45 g, 20 eq.), and N- methyl pyrrolidinone (2
ml) were combined and stirred at 120° C. under nitrogen for
6.5 h. The reaction mixture was cooled to room temperature
and 40 mL dichloromethane was added. The reaction mixture
was stirred overnight at room temperature under nitrogen and
then vacuum filtered through a 1 cm bed of celite in a 30 mL
medium flitted funnel. The filtered solids were washed with
100 mL dichloromethane and the top layer of celite contain-
ing black adsorbed material was transferred to a 150 mL
beaker. Dichloromethane (30 mL) was added to the beaker.
The resultant suspension stirred at reflux for 15 minutes, then
vacuum filtered hot through a medium iritted funnel. The
filtered solids were returned to the beaker and the extraction
was repeated. The filtered solids were then eluted in the fritted
funnel with methanol until the filtrate and celite were nearly
colorless. Combined filtrate was concentrated on the rotary
evaporator and residual solvent removed 1n vacuo for 18 h.
Theresultant black solid was dissolved 1n 50 mL of deionized
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water and chromatographed on 9.5 g of MCI- gel divinylben-
zene polymeric resin packed 1n water in a 1 cm diameter
column. The column was eluted with 300 ml. of water, then
200 mL each of 4:1 water:methanol, 3:2 water:methanol, and
2:3 water:methanol. 30 mL fractions were collected and ana-
lyzed by HPLC. Fractions containing compounds of similar
retention time were pooled together and analyzed by mass
spectroscopy. The solvent was removed 1n vacuo to give 264
mg ol a black solid as a mixture of 1somers. The pooled
fractions contained Compound 107. The fractions containing
Compound 107 were further purified by preparative HPLC.

6.26.2 Purnification of Compound 107 Using
Semi-preparative HPLC and Formation of

Compound 122 by Anion Exchange

HO

OH

6.26.2.1 Semi-preparative Chromatography of
Compound 107 Crude Mixture

245 milligrams of compound Compound 107 prepared
according to the methods described in section 6.26.1 was
dissolved 1n 7.5 mL of water having 0.1% trifluoroacetic acid
(vol./vol.) and mixed for at least 30 minutes. The resultant
solution was filtered through a 0.22 um nylon membrane
syringe filter and the final 1njection solution volume was ~8
mlL. A Phenomenex, Synergi, POLAR-RP, 10 um particle
s1ze, 80OA pore size semi-preparative scale column was used.
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The column dimensions were 250 mmx21.2 mm (diameter)
and was packed by the manufacturer.

i

The column was equilibrated before injection by using

100% water with 0.1% trifluoroacetic acid (vol./vol.) at a flow

rate of 20 mL/min for a minimum period of 30 minutes.

The filtered solution was 1njected (using 10 mL 1njection
loop size) 1into the chromatograph, and the chromatographic
separation was carried out using a two-component system of
water with 0.1% (vol./vol.) trifluoroacetic acid (“solvent 17)

and methanol with 0.1% (vol./vol.) trifluoroacetic acid (*“Sol-

vent 2””) under the following gradient conditions:

Compound 122

O
Do
— HN
O
4CI°
Time
(min:sec) Solvent 1 Solvent 2 Flow Rate
0:00 100% 0% 10 mL/min
(Inject)

9:00 100% 0% 10 mL/min
10:00 80% 20% 10 mL/min
53:00 80% 20% 10 mL/min
54:00 70% 30% 10 mL/min
75:00 70% 30% 10 mL/min
80:00 10% 90% 10 mL/min
98:00 10% 90% 10 mL/min

100:00 100% 0% 10 mL/min
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Fraction collection began at about 20 minutes (run time
from point of 1njection) where the first major compound (1.¢.
>10% threshold@?254 nm) began to elute. The set fraction
volume taken was 10 mL (60 seconds). Fraction collection
ended at about 100 minutes (where the threshold 1is
<10%@254 nm) and the last of the components finished
cluting from the column.

Individual fractions were analyzed on HPLC. Fractions
shown to contain individual components of greater than or
equal to 90 area % (@254 nm were combined into their respec-
tive pools as follows (“R1” means retention time):

Pool 1, Fraction 5: RT 2.6 min. peak Total vol. =10 mL
Pool 2, Fractions 14-15: RT 3.2 min. peak Total vol. =20 mL
Pool 3, Fractions 30-35: RT 5.6 min. peak Total vol. = 60 mL

All of the above pools were concentrated 1n vacuo to dry
residues using a rotary evaporator to provide residues.

6.26.2.2 Resin Treatment to Provide Compound 122

Hachresidue of Pool 1, Pool 2, and Pool 3 were diluted with
water to a final volume of 3 mL each. Each resultant solution
was then each stirred with DOWEX Marathon 11 (Chloride
form) strongly-basic anion-exchange resin (1 mL of aqueous
solution of settled resin for each respective sample) for a
period of 4 hours at room temperature.

After resin treatment, each pool solution was filtered
through a 0.22 um nylon membrane syringe filter. The
remaining resin was washed with 2 mL of methanol for each
of the samples and each of those methanol washes were

Formula (IA):

(amino acid residue)
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Compound No.

Compound
Compound
Compound
Compound
Compound
Compound
Compound

Compound 1

101
102
103
104
105
106
10¥
109
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filtered through a 0.22 um nylon membrane syringe filter and
added to their respective solutions.

6.26.2.3 Drying and Final Products, Compound 122
Isomers 1-3

Each of the solutions was concentrated 1n vacuo and dried
under high vacuum for a minimum period of 70 hours at room
temperature to provide:

Compound 122, 1somer 1 as a solid (6 milligrams, 93 area
% purity@254 nm by HPLC) 1n Penta-Chloride form; RT of
2.6 min peak;

Compound 122, 1somer 2 as a solid (5 milligrams, 91 area
% purity(@254 nm by HPLC) 1n Penta-Chloride form; RT of
3.2 min peak;

Compound 122, 1somer 3 as a solid (15 milligrams, 93 area

% purity@254 nm by HPLC) 1n Penta-Chloride form; RT of
5.6 min peak.

6.27 Example 27

Compounds 101, 102, 106, 108, 109, 112 and 113, of
Formula (IA), were synthesized according to the procedure
set forth 1n the Example section 6.25 and Example section
6.26.1, where Compound 9, Compound 10, Compound 6,
Compound 8, Compound 11, Compound 14, and Compound
15, respectively, were used 1n place of Compound 39.

Compounds 103-105,110, 111, and 114, of Formula (I1A),
were synthesized according to the procedure set forth in the
Example section 6.25 and Example section 6.26.1, where
Compound 4 was used 1n place of Compound 3, and where
Compound 11, Compound 10, Compound 12, Compound 13,
Compound 14, and Compound 16, respectively, were used 1n
place of Compound 39.

(amino acid residue)

(amino acid residue)

4 X

O (amino acid residue)

Amino Acid of the

Amino Acid Residue M Y~ X~
y-aminobutyric acid Fe OAc™ Br~
S-aminovaleric acid Fe OAc™ Br~
L-aspartic acid Mn OAc™ Br~
S-aminovaleric acid Mn OAc™ Br~
L-glutamic acid Mn OAc™ Br~
L-phenylalanine Fe OAc™ Br~
L-tyrosine Fe OAc™ Br~
L-aspartic acid Fe OAc™ Br~
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-continued

Formula (IA):

O (amino acid residue)

(amino acid residue)

4 X
O (amuino acid residue)
Amino Acid of the
Compound No. Amino Acid Residue M Y~
Compound 110 glycine Mn OAc™
Compound 111 P-alanine Mn OAc™
Compound 112 p-alanine Fe OAc™
Compound 113 L-valine Fe OAc™
Compound 114 L-glutamine Mn OAc™

Compounds 131 and 132 of Formula (IB) were synthesized
according to the procedure set forth in the Example section

Formula (IB):

O O N
\ 7 /
S CH,
/ <:>

(amino acid residue)

Compound No.

Compound 131
Compound 132

74

(amino acid residue)

Br™
Br~
Br~
Br~
Br~

6.25 and Example section 6.26.1, where Compounds 38 and
377, respectively, were used 1n place of Compound 39.

O P (amwo acid residue)

\
\Y

= HC~ N7
. | \

O 0O
/4
CH, S
! \
—m +N\ (amino acid residue)
\  N- /
. CH2 —
4%
O%S
0% \(mninﬂ acid residue)
Amino Acid of the
Amino Acid Residue M Y~ X~
6-aminohexanoic acid Fe OAc™ Br-
P-alanine Fe OAc™ Br~
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Compounds 161-163 and 165-167 of Formula (IIA) were
synthesized according to the procedure set forth in the
Example section 6.25 and Example section 6.26.1, where
Compound 27, Compound 28, Compound 33, Compound 26,
Compound 29, and Compound 30, respectively, were used 1n
place of Compound 39.

Compound 164 of Formula (I1A) was synthesized accord-
ing to the procedure set forth 1n the example section 6.25 and
Example section 6.26.1, where Compound 4 was used 1n

place of Compound 3, and Compound 32 was used in place ol 10

Compound 39.

Formula (IIA):

(amino acid residue)

ol
H,C~?
1 M\ )
+
A =
CH> O
O
(amino FHZ
acid = N
residue) / TN
\  Necpp
Vs 2 ——
4 X"
O
(amino acid residue)
Amino Acid of the

Compound No. Amino Acid Residue M Y~

Compound 161 L-valine Fe OAc™

Compound 162 L-tyrosine Fe OAcC™

Compound 163 L-phenylalanine Fe OAc™

Compound 164 p-alanine Mn OAc™

Compound 165 glycine Fe OAc™

Compound 166 6-aminohexanoic acid Fe OAc™

Compound 167 y-aminobutyric acid Fe OAc™

6.28 Example 28
In Vivo Eflicacy of an N-Benzyl-Substituted Pyridyl
Porphyrin Compound Against Radiation-Induced
Death

Materials and Methods

Balb/c mice used 1n the following experiments are 8 weeks
old, either male or female, and have an average body weight
of 24 g. An N-Benzyl-Substituted Pyridyl Porphyrin Com-
pound 1s administered to the treated animals subcutaneously
as a solution 1n 0.9% normal saline with each individual dose
administered 1n a total solution volume of 0.1 mL. Both
treated and control mice are exposed to a 6 Gy dose of 10n-
1zing radiation, delivered via a Gammacell 3000 Elan Irradia-
tor (MDS Nordion, Ontario, Canada). To administer the
radiation dose, a mouse 1s placed 1n a beaker 1n the 1irradiation
chamber with the sealed radiation source for approximately
one minute to deliver a dose of 6 Gy. The animals’ “survival
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rat10” 1s calculated by dividing the number of surviving mice
by the total number of 1rradiated mice.

Pre-irradiation Treatment of Animals

Balb/c mice are divided into two groups of about ten mice
cach: a control group and a treatment group. Each mouse 1n
the control group is subcutaneously administered 0.1 mL

saline two hours prior to rradiation, followed by repeated
subcutaneous administrations o 0.1 mL saline every 12 hours
alterward. Each mouse 1n the treatment group 1s subcutane-
ously administered a 2 mg/kg dose of an N-Benzyl-Substi-

(amino acid residue)

tuted Pyridyl Porphyrin Compound (in 0.1 mL saline) two
hours prior to irradiation, followed by repeated subcutaneous
administrations of a 2 mg/kg dose of an N-Benzyl-Substi-
tuted Pyridyl Porphyrin Compound (in 0.1 mL saline) every
12 hours afterward. Dosing 1s continued 1n each animal 1n
both the control and treatment groups until the death of all of
the mice 1n the control group.

Post-1rradiation Treatment of Mice

Balb/c mice are divided into two groups of about ten mice
cach: a control group and a treatment group: Each mouse 1n
the control group 1s subcutaneously administered 0.1 mL
saline ten minutes after 1irradition, followed by repeated sub-
cutancous administrations of 0.1 mL saline every 12 hours
alterward. Each mouse 1n the treatment group 1s subcutane-
ously administered a 2 mg/kg dose of an N-Benzyl-Substi-
tuted Pyridyl Porphyrin Compound (in 0.1 mL saline) ten
minutes after irradiation, followed by repeated subcutaneous
administrations of a 2 mg/kg dose of the same N-Benzyl-
Substituted Pyridyl Porphyrin Compound (in 0.1 mL saline)
every 12 hours afterward. Dosing 1s continued 1n each animal
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in both the control and treatment groups until the death of all
of the mice 1n the control group.

Post-1rradiation Treatment of Mice

Balb/c mice are divided into two groups of about ten mice
cach; a control group and a treatment group. Each mouse 1n
the control group 1s subcutanecously administered 0.1 mL
saline ten minutes after irradition, followed by repeated sub-
cutaneous administrations of 0.1 mL saline every 12 hours
afterward. Each mouse 1n the treatment group 1s subcutane-
ously administered a 10 mg/kg dose of an N-Benzyl-Substi-
tuted Pyridyl Porphyrin Compound (in 0.1 mL saline) ten
minutes after irradiation, followed by repeated subcutaneous
administrations of a 10 mg/kg dose of the same N-Benzyl-
Substituted Pyridyl Porphyrin Compound (in 0.1 mL saline)
every 12 hours afterward. Dosing 1s continued 1n each animal
in both the control and treatment groups until the death of all
of the mice 1n the control group.

6.29 Effect of an N-Benzyl-Substituted Pyridyl
Porphyrin Compound on Various Diseases

Effect on Oxidant or Free-radical Damage

A549 human epithelial cells and RAW murine macroph-
ages were grown and cultured, then treated with oxidants or
free radicals 1n the presence or absence of varying concentra-

tions of an N-Benzyl-Substituted Pyridyl Porphyrin accord-
ing to the method of C. Szabo et al., Mol Med., 2002 October;

8(10):571-80. Illustrative N-Benzyl-Substituted Pynidyl
Porphyrin Compounds dose-dependently protected against
the suppression of cell vaability (FIGS. 1-12) in murine RAW
cells. 10 or 100 uM of each illustrative N-Benzyl-Substituted
Pyridyl Porphyrin Compound was used, as indicated in FIG.
1-12.

These data indicate that Compounds 163, 165, 162, 161,
166, 167, 134, 105, 103, 122 1somer 1, 122 1somer 2, 122
isomer 3,101,102,108,112,113,133,132,131,107,and 165
are useful for treating or preventing a Condition, and for
prolonging the hali-life of an oxidation-prone compound.

Effect on Myocardial Infarction 1n Rats

Rats are subjected to myocardial infarction by occlusion
and reperfusion of the left anterior descending coronary
artery as previously described in C. Y. Xiao et al., J Pharma-
col Exp Ther, 2004 August;310(2):498-504. An N-Benzyl-
Substituted Pyridyl Porphyrin Compound 1s administered at
doses of 1, 3, or 6 mg/kg 1.v., 5 minutes prior to reperfusion.

Effect on Hemorrhagic Shock in Rats

Rats are subjected to 2 hours of hemorrhage, followed by
resuscitation as previously described in O. V. Evgenov et al.,
Crit Care Med., 2003 October;31(10):2429-36. An N-Ben-
zyl-Substituted Pyridyl Porphyrin Compound 1s adminis-
tered at a dose of 6 mg/kg1.v., S minutes prior to resuscitation.
Rats are bled to reach mean BP of 40 mm Hg. This mean BP
1s maintained for 2 hours, followed by resuscitation with
saline at a volume of 2x the shed blood volume. Rats are then
observed for 3 hours, and the survival time 1s recorded. An
N-Benzyl-Substituted Pyridyl Porphyrin Compound (6
mg/kg) 1s administered intravenously before the start of
resuscitation. Lelt intraventricular systolic pressure (LVSP),
dP/dt, —dP/dt are monitored continuously for 20 minutes from
40 minutes aiter resuscitation. An N-Benzyl-Substituted
Pyridyl Porphyrin Compound (6 mg/kg) 1s administered
intravenously before the start of resuscitation. Blood 1s taken
1 hour after resuscitation. An N-Benzyl-Substituted Pyridyl
Porphyrin Compound (6 mg/kg) 1s administered intrave-
nously before the start of resuscitation. Blood 1s taken at 1

5

10

15

20

25

30

35

40

45

50

55

60

65

78

hour after resuscitation. An N-Benzyl-Substituted Pyridyl
Porphyrin Compound (6 mg/kg) 1s administered intrave-
nously before the start of resuscitation.

Effect on Heart Failure in Mice

Maice are subjected to heart failure induced by aortic band-
ing as previously described 1n C. Y. Xiao et al., J Pharmacol
Exp Ther., 2005 March;312(3):891-8. An N-Benzyl-Substi-

tuted Pyridyl Porphyrin Compound 1s administered at a dose
of 3 mg/kg/day orally.

Effect on Rejection of Hearts During Heterotopic Heart
Transplantation

Rats are subjected to heterotopic heart transplantation as
described previously in H. Jiang et al., Transplantation, 2002
Jun. 15;73(11):1808-17. An N-Benzyl-Substituted Pyridyl
Porphyrin Compound 1s administered at a dose of 10 mg/kg/
day orally.

Effect on Vascular Injury
Rats are subjected to balloon-induced vascular injury of the

carotid artery as previously described in C. Zhang et al., Am J
Physiol Heart Civc Physiol., 2004 August;287(2):H659-66.

Effect on Diabetes Mellitus

Maice are subjected to multiple low dose streptozocin dia-
betes as previously described 1 J. G. Mableyet al., Br J
Pharmacol., 2001 July;133(6):909-19.

The present invention 1s not to be limited in scope by the
specific embodiments disclosed in the examples, which are
intended as illustrations of a few aspects of the imnvention and
any embodiments that are functionally equivalent are within
the scope of this invention. Indeed, various modifications of
the invention 1n addition to those shown and described herein
will become apparent to those skilled in the art and are
intended to fall within the scope of the appended claims.

All references cited herein are incorporated by reference 1in
their entirety.

I claim:
1. A compound having the Formula (A):

Formula (A):
XX
—R
P
g = H2C....___N+/ \1
R N\ + / S
‘ N
— n{counterion)
CH
~¢ N @
B AN !
L [
\__y TCH, -
2
=
R—
X
wherein:
M 1s Fe or Mn;
fisOor 1;
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cach R 1s independently —C(O)(amino acid residue) or

—S0O,(amino acid residue); and

US 7,642,250 B2

n 1s the number of counterions sutficient to balance the

charges of the compound of Formula (A).

2. The compound of claim 1, having the Formula (I):

Formula (I)

L
R O CH; n(counterion)

""l-...___- —-‘_-ll""

~ TR
\ ;NHCHz =
R

CHr@—R.
/

3. The compound of claim 1, having the Formula (1I):

R
= HC N 4 \
_|_
\ + / e
/N
CH,
R /CH2
>~ = N
N
L~ {
/ TCH, e
n{counterion)

Formula (1I)
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4. The compound of claim 1, having the Formula (I1I):

Formula (11I)
R
\ + / .
/N
CH> ‘ R
R CH,
PN,

N

e
rion)

\ /+ N"‘“‘CH2 /
R
n(counte

5. The compound of claim 1, wherein {15 1, each counte-
rion 1s monovalent, n 1s 5, and each amino acid residue 1s
uncharged.

6. The compound of claim 1, wherein 1 1s 1, the counterion
1s monovalent, n 1s 1, and each amino acid residue has a
—CO,~ moiety as its only charged group.

7. The compound of claim 1, wherein M 1s Fe.

8. The compound of claim 1, wherein M 1s Mn.

9. The compound of claim 1, wherein 1 1s O.

10. The compound of claim 1, wherein 1 1s 1.

11. The compound of claim 1, wherein each counterion 1s
Cl” or Br™.

12. The compound of claim 1, wherein a counterion forms
a bond with M.

13. The compound of claim 1, wherein each counterion 1s
independently F~, CI7, Br™, I", HO™, or CH,C(O)O".

14. The compound of claim 1, wherein each R 1s —C(O)
(amino acid residue).

15. The compound of claim 1, wherein each R 1s —SO,
(amino acid residue).

16. The compound of claim 1, wheremnn 1s 1.

17. The compound of claim 1, wherein n 1s 5.

18. The compound of claim 6, wherein 1 1s 1, and each
counterion 1s CI~.

19. The compound of claim 17, wherein each R 1s —C(O)
(amino acid residue).

20. The compound of claim 17, wherein each R 1s —SO,
(amino acid residue).

21. The compound of claim 1, wherein the amino acid of
the amino acid residue 1s 3-alanine, y-aminobutyric acid,
6-aminohexanoic acid, 5-aminovaleric acid, L-aspartic acid,
L-glutamine, L-glutamic acid, glycine, L-phenylalanine,
L-tyrosine, or L-valine.

22. A composition comprising an effective amount of the
compound of claim 1 and a physiologically acceptable carrier
or vehicle.
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